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Preface

Inflammatory bowel diseases (IBDs) are a group of chronic inflammatory intestinal conditions
with unknown etiologies; Crohn’s disease (CD) and ulcerative colitis (UC) represent the two main
types. Diagnosis of both conditions is usually performed using a combination of clinical symptoms,
laboratory tests, and endoscopic features. Moreover, the use of radiological exams, such as magnetic
resonance imaging (MRI) or computed tomography (CT) enterography, is crucial in clinical practice
for both the diagnosis and staging of CD, since the inflammation transmurally involves the bowel
wall. CT has been proven to enable the precise evaluation of disease activity and complications,
such as fistulas and strictures, especially when presenting acutely. However, MRI has replaced CT in
recent years, because it offers comparable sensitivity, specificity, and accuracy in the diagnosis and
evaluation of CD, especially concerning disease activity, without exposure to radiation. IBDs require
continuous medical therapy to control inflammation and avoid disease progression. Over time, the
therapeutic armamentarium for IBDs has significantly increased with the advent of several different
advanced therapies (including both biological therapies and small molecules). However, surgery
still remains a valid option in cases with complications, such as abscesses, fistulas, perforation, and
strictures (the frequency of which ranges from 48% to 52% at 5 years after the diagnosis of CD) or for
medically refractory diseases. The monitoring and adjustment of therapy based on those assessments
is important in evaluating patients’ responses to medical therapy and identifying those who require
surgery. This reprint aims to provide information on clinical, diagnostic, and treatment methods
for IBDs.

Laura Maria Minordi and Daniela Pugliese
Guest Editors
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Small Intestinal Contrast Ultrasonography (SICUS) in Crohn’s
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Abstract: The diagnosis of Crohn’s Disease (CD) is based on a combination of clinical symptoms,
laboratory tests, endoscopy, and imaging data. In Small Intestine Contrast Ultrasonography (SICUS),
the ingestion of a macrogol solution as an oral contrast medium may optimize image quality. We
performed a meta-analysis to evaluate the diagnostic performance of SICUS for CD. A literature
search was performed in August 2023. We selected only studies where SICUS was compared to
a technique that allows the assessment of the whole gastrointestinal tract, such as an MRE, a CT
scan, or a surgical evaluation. We estimated pooled weighted sensitivity, specificity, and likelihood
ratio for positive and negative tests (PLR/NLR) of SICUS. Summary receiver operating characteristic
curves (SROC) were drawn, and pooled areas under the curve (AUC) were calculated. Five studies
with 325 CD patients were included. SICUS showed a pooled sensitivity for the diagnosis of 95%
(95% confidence interval CI 89-99%), a specificity = 77% (95% CI 60-90%), and the AUC was 0.94.
SICUS demonstrated a pooled sensitivity for strictures of 78% (95% CI 63-88%) and a specificity = 96%
(95% CI 85-99%), with AUC = 0.93. For abscesses, SICUS demonstrated a pooled sensitivity of 100%
(95% CI 59-100%) and a specificity of 90% (95% CI 74-98%). Fistulae were detected with a pooled
sensitivity of 77% (95% CI 46-95%) and a specificity of 92% (95% CI 75-99%). SICUS demonstrated
excellent diagnostic performance compared to the gold standard despite some clinical scenarios
(stenosis/fistulae) showing suboptimal diagnostic effectiveness.

Keywords: Crohn’s disease; diagnosis; ultrasound; magnetic resonance enterography; oral contrast; SICUS

1. Introduction

Crohn’s disease (CD) is a chronic condition with immunological pathogenesis, which
can affect any site of the gastrointestinal tract in a segmental and transmural way, from the
mouth to the anus. A total of 50% of patients have an involvement of the terminal ileum
and colon, while 30% have an isolated small bowel involvement, while the remaining 20%
of cases are confined to the colon. Among patients with small bowel disease, the terminal
ileum is affected in 90% of cases [1].

CD is characterized by periods of remission alternated with phases of a flare-up. The
inflammatory process can evolve towards either a fibrostenotic-obstructive picture or a
penetrating-fistulizing one [1]. Symptoms can be insidious or nonspecific and depend on
the site and severity of the disease. The development of adhesions leads to the formation
of fistulas, as CD induces transmural damage. Abdominal and pelvic abscesses develop in
10 to 30% of patients. Other complications include intestinal obstruction, occurring in 40%
of cases, massive hemorrhage, malabsorption, and severe perianal disease [1].

J. Clin. Med. 2023, 12, 7714. https:/ /doi.org/10.3390/jcm12247714 1 https://www.mdpi.com/journal /jcm
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The diagnosis of CD relies on a combination of clinical symptoms, laboratory tests,
and imaging data [2]. Ileopancolonoscopy is the first technique involved in diagnosis,
management, and monitoring; however, endoscopy is not always a thorough investigation
and is limited by invasiveness, poor patient compliance, and a risk of bowel perforation.
Ileopancolonoscopy also fails to evaluate the extent of ileal disease, transmural damage,
and lesions in the perineal region, such as fistulas and abscesses. Therefore, other imag-
ing techniques, including ultrasonography, computed tomography (CT), and magnetic
resonance enterography (MRE), have been more frequently used recently. Indeed, transab-
dominal ultrasound is non-invasive, does not use ionizing radiation, and is easily accepted
by patients. Nowadays, intestinal ultrasound use is increasing as a clinically important
first-line technique both in patients with suspected CD and disorder follow-up [3].

In particular, in small intestinal contrast ultrasonography (SICUS), introducing an
oral contrast medium may optimize image quality and increase sensitivity and diagnostic
accuracy in detecting small intestine lesions [3]. This method, therefore, has become
relevant for investigating patients with CD for the classification of disease activity, the
analysis of small bowel stenosis/mural fibrosis, and the evaluation of specific therapy
responses [3]. In SICUS, patients are examined in the fasting state and after ingestion of
an oral macrogol contrast solution consisting of polyethylene glycol (PEG) in powder at
a dose ranging from 125 to 800 mL (usually 375 mL), dissolved in 250 mL of water [3].
The introduction of an oral contrast medium allows for distension of the intestinal lumen,
with better visualization of the intestinal wall and accuracy in detecting complications
related to CD, including strictures, abscesses, and fistulas [3]. Furthermore, its use has been
proposed in the preoperative evaluation of CD, offering precision in detecting the presence
of dilatation upstream of the stenosis [4,5]. Thus, SICUS has emerged as a valuable, well
accepted, and radiation-free technique in the detection of intestinal damage in CD.

Therefore, we aimed to perform a systematic review and meta-analysis in order to
evaluate the pooled diagnostic performance of SICUS in patients with CD in comparison
to gold-standard techniques able to assess the transmural activity of the disease.

2. Materials and Methods
2.1. Eligibility Criteria and Study Selection

Methods of analysis and inclusion criteria were based on “Preferred Reporting Items
for Systematic Reviews and Meta-Analyses” (PRISMA) recommendations [6], and its
extension for diagnostic test accuracy (PRISMA-DTA) was taken into account [7]. A
PRISMA-DTA checklist is provided in Supplementary Material S1. We excluded review
articles, experimental in vitro studies, and single case reports. In cases of studies analyzing
overlapping periods from the same registry/database, we considered only the study that
examined the longest period and the largest number of patients.

2.2. Data Collection Process

A literature search was performed and updated in August 2023. Relevant publications
were identified through research in PubMed, Web of Science, and Scopus. Only in extenso
papers were selected; therefore, abstracts or conference proceedings were excluded. The
search terms were Crohn’s Disease, ultrasound, oral contrast, and SICUS. We used the
following string, using Boolean operators AND/OR: Crohn’s Disease AND (ultrasound
OR small bowel OR oral contrast OR SICUS). We selected only studies in which SICUS
was compared to a technique that allowed assessment of the whole gastrointestinal tract,
such as magnetic resonance enterography (MRE), computed tomography (CT), or surgical
evaluation. Therefore, in the case of comparison with colonoscopy, the study was excluded.
In our search strategy, we included only papers in which the gold standard was able to
assess all the bowel walls; therefore, if SICUS was compared only to enteroclysis or capsule
endoscopy, it could not be included. Titles and abstracts of papers were screened by two
reviewers (MDB and RR). Successively, data were extracted from the relevant studies by
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one reviewer and checked by a second reviewer, and thus inserted into dedicated tables. A
third reviewer (GL) came to a decision on any disagreements.

Reviewers independently extracted from each paper the following data: (i) publica-
tion year, (ii) country, (iii) single- or multi-center study, (iv) study design, (v) number of
patients included, (vi) oral contrast agent, (vii) ultrasound device, and (viii) number of
true positive/negative and false positive/negative results. If the study did not provide
sufficient data to extract true positive/negative and false positive/negative outcomes, it
was excluded from the final analysis.

2.3. Summary Measures and Planned Methods of Analysis

The end-point was to estimate the pooled weighted sensitivity, specificity, and likeli-
hood ratio for positive and negative tests (PLR and NLR, respectively) and the diagnostic
odd ratio (DOR) of SICUS. Summary receiver operating characteristic curves (SROC) were
drawn, and pooled areas under the curve (AUC) were calculated. A random effect model
was followed in all analyses. We assessed heterogeneity using the x? test, and if it was
statistically significant, the I? statistic was computed. If necessary, a subgroup analysis
was performed. The data were expressed as proportions/percentages, and 95% confidence
intervals (CI) were calculated. A p-value < 0.05 was considered statistically significant.
All analyses were performed according to the general principles of meta-analysis [8]. The
MetaDisc software version 1.4 was used [9].

Two reviewers (GL and PD) independently assessed the quality of the included
studies using the Quality Assessment of Diagnostic Accuracy Studies version 2 (QUADAS-
2) instrument [10]. This tool is designed to assess the quality of primary diagnostic accuracy
studies for inclusion in the systematic review (Supplementary Material S2).

3. Results
3.1. Study Selection

After a bibliography search, five studies were included in the analysis [11-15]. Such
studies are reported in Table 1. The process of study selection is summarized in Figure 1.
All studies but one [12] were performed in the adult population. Three studies were
performed in the UK [11-13] and two in Italy [14,15]. All studies used PEG as an oral
contrast agent, with final volume ranging from 250 mL to 1000 mL. Overall, 325 patients
with CD were recruited.

3.2. Final Diagnosis

The term “final diagnosis” in the selected papers was defined as “the final judgement
of the physician after performing all diagnostic tests and referred only to CD”. For this
analysis, four studies provided sufficient data [11-13,15]. One hundred and twenty-one
patients were recruited. SICUS showed a pooled sensitivity of 95% (95% CI 89-99%), a
specificity of 77% (95% CI 60-90%), a positive LR of 2.73 (0.93-8.05), a negative LR of 0.15
(0.06-0.41) and a DOR = 24.94 (5.90-105.47). The AUC of the SROC curve was 0.94. Further
details are shown in Figure 2.
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3.3. Strictures

The presence of strictures was examined in 94 patients within all studies. SICUS demon-
strated a pooled sensitivity of 78% (95% CI 63-88%), a specificity of 96% (95% CI 85-99%),
a positive LR of 6.37 (0.93-8.05), a negative LR of 0.23 (0.05-1.15), and a DOR = 30.99
(7.07-135.82). The AUC of the SROC curve was 0.93. Such results are summarized in the
plots in Figure 3.
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Figure 3. Sensitivity (a), specificity (b), positive likelihood ratio (c), negative likelihood ratio (d),
diagnostic odd ratio (e), and AUC (f) for stenosis detection.

3.4. Abscesses

This analysis was possible for only forty patients overall in three studies [13-15].
SICUS demonstrated a pooled sensitivity of 100% (95% CI 59-100%), a specificity of 90%
(95% CI174-98%), a positive LR of 6.34 (1.94-21.17), a negative LR of 0.13 (0.02-0.84), and a
DOR = 53.08 (5.07-555.11). It was not possible to calculate the AUC of SROC. Such results
are reported in the plots of Figure 4. Of note, since one study provided several zero values,
the corresponding diamond in the plots was not drawn in the figures.

3.5. Fistulae

This outcome was evaluated in 55 patients overall across three studies [13-15]. SICUS
showed a pooled sensitivity of 77% (95% CI 46-95%), a specificity of 92% (95% CI 75-99%),
a positive LR of 8.82 (2.23-34.88), a negative LR of 0.29 (0.08-1.11), and a DOR = 33.75
(3.13-363.90). It was not possible to calculate the AUC of SROC. Such results are reported
in the plots of Figure 5. Of note, since one study provided several zero values, the corre-
sponding diamond in the plots was not drawn in the figures.
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Figure 5. Sensitivity (a), specificity (b), positive likelihood ratio (c), negative likelihood ratio (d), and

diagnostic odd ratio (e) for fistulae detection.

3.6. Dilation

Three studies [12-14] investigated the presence of pre-stenotic luminal dilation in
61 patients. We found a pooled sensitivity of 100% (95% CI 80-100%), a specificity of 80%
(95% CI 65-90%), a positive LR of 3.99 (2.30-6.94), a negative LR of 0.10 (0.02-0.49) and
a DOR of 41.03 (6.62-254.27). The AUC of the SROC curve was 0.91. Such results are
summarized in the plots of Figure 6.
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Figure 6. Sensitivity (a), specificity (b), positive likelihood ratio (c), negative likelihood ratio (d),
diagnostic odd ratio (e), and AUC (f) for bowel dilation diagnosis.

4. Discussion

Since CD may affect every segment of the digestive system, with transmural involve-
ment, endoscopy techniques are not always adequate for the investigation of the whole
bowel length. Imaging procedures with panoramic spatial resolution are necessary to
integrate clinical and endoscopic. MRE is considered the gold standard nowadays, but it
has some drawbacks. For example, it is not available in all centers, and it is time consuming.
CT enterography has emerged as an alternative as it is more widespread and more rapid,
despite radiation exposure being a relevant limit. SICUS is an ultrasound-based method
that explores bowel loops and is able to identify wall thickness, intestinal motility, perfusion
using a Doppler scan, and possible complications such as stenosis, dilation, fistulae, and
abscesses [16]. Oral ingestion of a contrast (usually PEG dissolved in a volume of water
ranging from 250 to 1000 mL) may help to increase the sensitivity of ultrasound since it may
enhance some characteristics such as pre-stenotic dilation; furthermore, lumen distension
is useful to better evaluate the thickness of the wall and the feature of its layers. Another
advantage of SICUS is its dynamic peculiarity, which allows one to focus on a detail and
analyze it under several planes and direct motion. Conversely, artifacts, interposition of air
and loops, and power of resolution might be intrinsic limitations of this method. Bowel
ultrasound is a highly acceptable and well-tolerated tool for monitoring disease activity in
IBD patients [17].

SICUS is a safe technique: side effects were described only in the articles by Onali and
Pallotta, and no side effects were recorded in any patients in these two studies. Nevertheless,
it could be argued that in case of clinically significant strictures, a liquid overload may elicit
subocclusion symptoms; therefore, particular care should be taken into account.

The first relevant finding of our meta-analysis was a very high sensitivity (95%) for
CD diagnosis, while the specificity was slightly lower (77%). This could be justified by
the use of a cut-off value of 3 mm for bowel wall thickness in most studies [11,14,15].
Indeed, some Authors have proposed higher cut-offs of 4 mm [18] or 5 mm [19] to increase
specificity. On the other hand, we found a sensitivity of 78% for stenosis detection. This
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finding is in agreement with previous studies, showing that the sensitivity of ultrasound
for stenosis detection may range around 80% [20]; therefore, some stenotic areas may have
been missed at SICUS. Apart from such results, most studies confirmed that SICUS has a
good agreement with gold standard procedures. The perspective is different for fistulae.
The ultrasound pattern evocating a possible fistula may not be univocal, and several
possible signs have been proposed, often related to the experience of the examiner [21].
Indeed, some further evidence showed a sensitivity close to 70% for detecting fistulae, even
when other ancillary techniques, such as water immersion, were adopted [22]. However,
results are conflicting in the literature, as an additional study showed a sensitivity of 100%
and a specificity of 98% [23], thus underlining that the expertise of the observer may be
a main issue and a bias to be highlighted when reporting results in a systematic review.
Rectum may be difficult to examine by ultrasound, and this may explain why some cases
of fistulae or abscesses may be missed by SICUS [24]. A different approach in this case, i.e.,
trans-perineal ultrasound examination, could add sensitivity to SICUS, as shown in some
evidence from literature [25], provided that the operator has a sufficient level of expertise
when scanning the perineal and perirectal areas.

In pediatric populations, sensitivity and specificity were even higher, >90% [26,27].
This could be explained as CD commonly affects the small bowel in children [28]. In this
regard, the pediatric population could be the ideal target for SICUS due to non-invasiveness
and lack of radiation exposure. A recent expert consensus clearly underlined this point and
promoted the standardization of the technique, as basic equipment requirements, patient
selection, preparation and positioning, technical considerations, and limitations may cause
a lack of reproducibility among operators [29]. In this regard, the Simple Pediatric Activity
Ultrasound Score has been published, demonstrating a substantial agreement between
ultrasound and endoscopy for all disease locations (weighted k = 0.85) and substantial
agreement for ileocolonic disease (weighted k = 0.96) [30]. In children, a bowel wall
thickness superior to 1.9 mm had a sensitivity of 64%, a specificity of 76%, and an area
under the curve of 0.743 for detecting inflammation, compared to ileo-colonoscopy [31].

A previous meta-analysis from 2016 comparing imaging and endoscopy has already
been published on the topic [32], showing a pooled sensitivity of 88.3% and specificity of
86.1%. However, such meta-analysis was enclosed as the gold standard for both imag-
ing techniques and endoscopy; therefore, it was hampered by a relevant heterogeneity.
Moreover, comparing ileopancolonoscopy and SICUS is possible only for colonic or ileal
disease; therefore, the remaining segments of the small bowel cannot be taken into ac-
count. In the present analysis, we recruited only studies in which the gold standard could
provide a panoramic and transmural evaluation of the whole intestine, thus providing a
more homogeneous and punctual comparison. The comparison between colonoscopy and
SICUS may be useful only for assessing the activity of terminal ileum or to predict disease
reactivation after ileo-cecal resection; in this regard, another meta-analysis confirmed a
very good sensitivity (99%) and specificity (74%) to detect post-surgical recurrence [8].

Despite the accuracy of the methodological approach, the current meta-analysis has
some limitations. The most important one is that for some outcomes, the total amount of
patients analyzed is low (about 50 for fistulae and abscesses). Another limitation is that we
were not able to sub-analyze the localization of the disease (proximal or distal small bowel)
because such data were not available in all the studies included.

In conclusion, our meta-analysis confirmed that SICUS has a very good performance
compared to the gold standard as well as the evident advantage of its easy availability and
feasibility. Some disadvantages might be the level of operator experience and the risk of
missing some pictures. For these reasons, the present study supports SICUS’s usefulness
for the periodic monitoring of CD evolution; nevertheless, a panoramic MRE should be
performed upon initial classification and in the event of significant progression of the
disease. Some authors have suggested that the diagnostic accuracy of intestinal ultrasound
could be optimized using contrast-enhanced ultrasonography [33], and this might be an
additional step to reach an effectiveness comparable to current imaging gold standards.
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Abstract: Crohn’s Disease (CD) is a chronic inflammatory disorder of the gastrointestinal tract, posing
diagnostic and management challenges due to its potential involvement of any segment from the
mouth to the anus. Device-assisted enteroscopy (DAE) has emerged as a significant advancement in
the management of CD, particularly for its ability to access the small intestine—a region difficult to
evaluate with conventional endoscopic methods. This review discusses the pivotal role of DAE in the
nuanced management of CD, emphasizing its enhanced diagnostic precision and therapeutic efficacy.
DAE techniques, including double-balloon enteroscopy (DBE), single-balloon enteroscopy (SBE),
and the now-withdrawn spiral enteroscopy, enable comprehensive mucosal assessment, targeted
biopsies, and therapeutic interventions like stricture dilation, bleeding control, and foreign body
removal. Despite its benefits, DAE carries risks such as perforation, bleeding, and pancreatitis, which
require careful procedural planning and a skilled execution. The review highlights DAE’s impact
on reducing surgical interventions and improving patient outcomes through minimally invasive
approaches, thereby enhancing the quality of life for patients with CD. Continuous improvement
and research are essential in order to maximize DAE’s utility and safety in clinical practice.

Keywords: enteroscopy; Crohn’s Disease

1. Introduction

Crohn’s Disease (CD) is a chronic, inflammatory condition of the gastrointestinal tract,
classified under the umbrella of inflammatory bowel diseases (IBDs). The etiology of CD is
complex, involving an interplay of genetic factors, environmental triggers, immune system
responses, and microbiota composition [1,2]. CD is distinguished by its potential to affect
any part of the gastrointestinal tract, from the mouth to the anus, and presents a discon-
tinuous, segmental distribution, which complicates both diagnosis and management [3].
Small-bowel (SB) lesions are recognized in 30 to 60% of CD patients, and 10% to 30% of
individuals have isolated SB disease [4]. Because these lesions cannot be recognized with
upper and lower endoscopy alone—the conventional endoscopic methods—isolated SB
CD is challenging to identify [4]. The development of device-assisted enteroscopy (DAE)
techniques in the early 21st century have substantially impacted the diagnosis and treat-
ment of Crohn’s, particularly with its capacity to access and assess the small intestine, a
region elusive to conventional endoscopic methods, such as push enteroscopy and capsule
endoscopy [5].

The evolution of DAE techniques marks a significant milestone, shifting from limited
traditional methods to enabling direct visualization and intervention across the entire
small bowel. This advancement has been crucial for a more accurate and comprehensive
diagnosis and treatment of small-bowel diseases, particularly CD, where direct mucosal
evaluation, targeted biopsies, and therapeutic interventions like stricture dilation, bleeding
control, and foreign bodies removal are now possible [6].
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2. Purpose of the Review

The primary aim of this review is to discuss the substantial role DAE plays in the
nuanced management of CD. It will examine the enhanced diagnostic precision DAE
brings to the table, as well as its therapeutic efficacy in managing this intricate disease.
The review will highlight DAE’s ability to visualize the entire small intestine, which is
frequently involved in CD; facilitate targeted biopsies and thorough mucosal assessments;
and identify complications such as strictures, fistulas, and areas of active inflammation.
Moreover, the review will emphasize the impact of DAE on therapeutic interventions,
from the dilation of strictures to the control of bleeding, removal of foreign bodies, and
application of local therapy to inflammatory lesions. By detailing these aspects, the review
intends to demonstrate the integral role DAE plays in offering an advanced approach to CD
management, potentially leading to enhanced patient outcomes and an improved quality
of life.

3. Procedure Overview and Technique

DAE has significantly evolved, with various techniques offering unique benefits and
limitations in the management of small-bowel diseases, including Crohn’s Disease. DAE
encompasses double-balloon enteroscopy (DBE), single-balloon enteroscopy (SBE), and
spiral enteroscopy, each offering unique access to the small intestine [7].

3.1. Double-Balloon Enteroscopy (DBE)

The DBE technique uses two balloons, one on the endoscope and another on a flexible
overtube, which alternately inflate and deflate to pleat the small intestine over the overtube
and endoscope, allowing a deep traversal of the small bowel [8]. Despite its utility, DBE
has limitations, particularly in terms of the extent of the bowel that can be examined in
a single session [9]. A complete small-bowel enteroscopy with DBE is time-consuming
and often requires full anesthesia, making it less practical for extensive examinations [10].
However, DBE is particularly advantageous for patients with prior surgeries, as it allows
for the easier navigation through postoperative adhesions and altered anatomy compared
to spiral enteroscopy techniques [11].

3.2. Single-Balloon Enteroscopy (SBE)

SBE uses a single balloon on an overtube to assist in guiding the endoscope through
the small intestine by advancing and stabilizing the overtube sequentially [12]. While SBE
offers a simpler setup compared to DBE, it may not achieve the same depth of insertion [13].
However, SBE has proven effective for both diagnostic and therapeutic purposes and is
often preferred for its relative ease of use and shorter procedure times. SBE is advantageous
in patients where full anesthesia might be a concern, as it can often be performed under
deep sedation [14]. There is also a modality of SBE where the balloon is inserted through
the scope itself, eliminating the need for an overtube. This approach involves a balloon
catheter that can be passed through the working channel of the endoscope, which is then
inflated to help advance and stabilize the endoscope. This method simplifies the procedure
further and can reduce the time required for setup and execution [15,16].

3.3. Spiral Enteroscopy (SE)

SE employs a spiral-shaped overtube that, when rotated, pleats the small intestine
onto the overtube, propelling the endoscope forward [17]. Initially, SE was “manual”,
meaning manually rotated by the endoscopist. It was particularly advantageous for patients
with upper intestinal polyps. The spiral-shaped overtube allowed the endoscope to be
withdrawn through it, facilitating the easy harvesting of polyps. This feature provided a
distinct advantage over other enteroscopy techniques. Then, recent developments have
introduced motorized spiral enteroscopy (MSE). which represents an evolution of the
manual spiral technique, incorporating a motorized system to automate the rotation of
the spiral overtube. The motorized system offers several advantages over its manual
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predecessor, including a more controlled and consistent rotation, a reduced physical strain
on the endoscopist, and potentially shorter procedure times. MSE uses an electric motor to
rotate the overtube, allowing for the precise and continuous advancement of the endoscope
through the small intestine. Studies have demonstrated its effectiveness in reaching deep
segments of the small bowel, making it a valuable tool in the management of Crohn’s
Disease (CD) [12,18]. However, SE has been withdrawn from the market in July 2023 due
to severe adverse events [19].

DAE is commonly performed under deep sedation or general anesthesia to ensure
patient comfort and facilitate a thorough examination. X-ray surveillance, typically fluo-
roscopy, is often used during DAE to guide the procedure, particularly in complex cases
where navigation through the small intestine is challenging [20]. Fluoroscopy can help in
accurately positioning the endoscope and overtube, especially when dealing with anatom-
ical variations or postoperative adhesions. However, the necessity of X-ray surveillance
is not absolute for all DAE procedures [21]. In many cases, experienced endoscopists can
perform DAE without the need for continuous fluoroscopic guidance, relying instead on
anatomical landmarks and tactile feedback to navigate the small intestine. This approach
can reduce radiation exposure to both the patient and the medical team [21] The decision
to use X-ray surveillance depends on various factors, including the complexity of the case,
the experience of the endoscopist, and the specific clinical scenario [21].

The choice between DBE and SBE depends on clinical indications, operator expertise,
and device availability [22]. The procedural approach, anterograde (oral) or retrograde
(anal), is chosen based on the small-intestine segment requiring examination, as suggested
by symptoms and imaging, or WCE [23]. Certain symptoms and clinical presentations can
help localize the disease burden within the small intestine, thus informing the choice of
approach: patients with jejunal involvement often present with symptoms such as upper
abdominal pain, bloating, and early satiety; ileal involvement is commonly associated with
symptoms such as lower abdominal pain, cramping, diarrhea, and sometimes blood in the
stool [24,25]. In some cases, if the exact location of the disease is unclear, imaging can
be performed first. For patients without suspicion or evidence of stenoses, it is possible
to precede DAE with a capsule endoscopy to identify the level or area of interest. If the
area of interest is within the first 75% of the small-bowel transit time, an oral approach is
recommended. Conversely, if it is beyond 75%, an anal approach is indicated. This strategy
is particularly useful when addressing small-intestinal ulcers and bleeding [26].

The duration of DAE is variable, depending on the complexity of the case and the
extent of the small bowel that needs to be examined [27]. Following the procedure, patients
typically undergo a recovery phase to offset the effects of sedation or anesthesia. The
majority of patients are discharged on the same day, provided there are no complications
or need for extended observation. Post-procedural care includes dietary advice and mon-
itoring for signs of potential complications such as abdominal pain, fever, or bleeding,
which require prompt medical attention [28]. For dietary advice, there are no specific
guidelines; however, the same dietary recommendations as those used post-procedure are
followed: immediately after the procedure, patients are advised to start with clear liquids
such as water, clear broths, or tea. If clear liquids are well-tolerated, patients can gradually
progress to a soft diet within the first 24 h. Soft foods include mashed potatoes, yogurt,
applesauce, and well-cooked vegetables. These dietary guidelines can help minimize the
risk of post-procedural complications and improve patient outcomes.

The patients eligible for DAE are as follows:

- Patients who have undergone an endoscopy with negative results but have indi-
cations of Crohn’s Disease (CD) based on MRI or small-bowel capsule endoscopy
findings—device-assisted enteroscopy can be utilized for endoscopic and histological
confirmation of the diagnosis [2];

- When clinical symptoms suggest small-bowel involvement that remains unexplained
after initial non-invasive investigations [2];

14



J. Clin. Med. 2024, 13, 3919

- When therapeutic maneuvers such as stricture dilation, control of bleeding, or removal
of foreign bodies are needed [2].

In these scenarios, DAE serves as a strategic choice to bridge the gap between ini-
tial non-invasive imaging and the need for a more definitive diagnosis and therapeutic
intervention [29].

4. Advantages of Device-Assisted Enteroscopy (DAE) over Other Methods

DAE has shown numerous advantages over other diagnostic methods in Crohn’s
Disease, such as magnetic resonance enterography (MRE), computed tomography en-
terography (CTE), and wireless capsule endoscopy (WCE) [30]. It should be considered
complementary to a non-invasive examination of the small intestine, as it provides not only
a direct and detailed visualization of the mucosal surface (with a sensitivity for detecting
small-bowel lesions in Crohn’s Disease of 65%), but also the unique opportunity for biopsy
and therapeutic interventions [31]. While MRE and CTE are critical for a comprehensive
structural assessment and initial suspicion of Crohn disease, they cannot offer a direct
mucosal assessment and histological examination [32]. WCE allows for a broader visual-
ization of the mucosal surface and is sensitive for detecting small-bowel lesions, but it has
limitations due to the inability to take biopsies, its diagnostic-only capacity, and the risk of
capsule retention [33].

MRE, in particular, is a non-invasive sectional imaging modality that is highly useful
for following up on inflammatory activity. It can detect fistulas or strictures with a high
sensitivity and specificity, making it an excellent tool for monitoring disease progression
and complications. The sensitivity of MRE for detecting small-bowel active inflammation
in Crohn’s Disease is approximately 68%, with a specificity of approximately 95% [34].
These rates highlight MRE’s effectiveness in non-invasively assessing disease activity and
complications. Moreover, MRE also serves as a valuable prognostic tool in Crohn’s Disease.
The Magnetic Resonance Index of Activity (MaRIA) score is a validated scoring system
used in MRE to quantify disease activity: it incorporates parameters such as bowel wall
thickness, edema, ulceration, and contrast enhancement, providing an objective measure
of inflammatory activity in Crohn’s Disease. Studies have shown that the MaRIA score
correlates well with endoscopic findings and can predict the risk of surgery, making it an
effective tool for guiding treatment strategies and monitoring disease progression over
time [35].

Despite these strengths, MRE and CTE lack the capability for a direct mucosal visual-
ization and histological examination. This limitation is where DAE excels, offering not just
a detailed visualization but also the ability to perform therapeutic interventions. This is
especially significant in Crohn’s Disease management, where the accurate assessment of the
disease extent, activity, and complications can directly influence treatment decisions and
patient outcomes. DAE allows for the biopsy of suspicious areas, dilation of strictures, and
treatment of bleeding lesions, providing a comprehensive approach to disease management
that cannot be matched by non-invasive imaging techniques alone [36].

5. Role of DAE in Diagnosing Crohn’s Disease

The role of DAE in diagnosing Crohn’s Disease is multifaceted, offering significant
advantages over traditional diagnostic methods. First, it is unparalleled in its ability to
visually access the entire small intestine, providing a favorable diagnostic yield of up to
80%, with a low complication rate which underscores its safety [37-39]. It, indeed, enables
the detection of early mucosal changes that are indicative of Crohn’s Disease and are often
missed by other diagnostics, including minor erosions, aphthous ulcers, or early inflamma-
tory lesions [40]. The ability to perform targeted biopsies is instrumental in confirming the
diagnosis, as the histopathological examination of biopsy samples can reveal granulomas
or other microscopic features characteristic of CD, thus enhancing diagnostic precision [41].
Moreover, DAE can predict the risk of surgery in Crohn’s Disease patients, with the small-
bowel simple endoscopic score for Crohn’s Disease (SES-CD) serving as a key prognostic
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tool, thus influencing treatment decisions and patient management strategies. Research
carried out at Samsung Medical Center discovered a significant rise in the likelihood of
surgical complications in patients with a small-bowel simple endoscopic score for Crohn’s
Disease (SES-CD) of 7, as opposed to those with a small-bowel SES-CD of 6 [42].

While DAE provides a high diagnostic yield, there are instances where the proce-
dure may not be able to visualize the entire small intestine. In such cases, alternative
or complementary diagnostic methods (imaging or WCE) can be employed to achieve a
comprehensive evaluation.

6. Therapeutic Applications of DAE in Crohn’s Disease

DAE not only plays a pivotal role in the diagnosis of Crohn’s Disease but also offers a
range of therapeutic applications such as balloon stricture dilation, steroid injections, the
treatment of bleeding ulcers, and the removal of foreign bodies. These interventions can
directly address complications associated with the disease, potentially reducing the need
for surgical interventions and improving patient outcomes [43].

6.1. Stricture Dilation

Strictures in Crohn’s Disease, characterized by the narrowing of the intestinal lumen
due to inflammation, fibrosis, or both, can lead to obstructive symptoms such as abdominal
pain, bloating, and nausea [44]. Before considering dilation, it is important to perform
magnetic resonance imaging to accurately determine the length and characteristics of the
stricture. DAE can directly approach stenoses that are fibrotic, less than 5 cm, and without
prestenotic dilation, allowing for endoscopic dilation [45]. This procedure involves the
use of a balloon which is guided to the site of the stricture, and then expanded to widen
the narrowed area [46]. Dilation can alleviate obstructive symptoms and restore bowel
patency, improving the quality of life for patients with symptomatic strictures [47]. DAE
has been shown to be an effective and relatively safe therapeutic option; a pooled analysis
of individual data from 1463 patients revealed a technical success rate of 89.1%, clinical
efficacy in 80% of patients, and a major complication rate of 2.8%, with symptomatic
recurrence observed in 75% over a mean follow-up period of 24 months. A stricture length
of 5 cm or less was correlated with a successful result without the need for surgery [48].
Further studies including metanalysis corroborate the efficacy and safety of endoscopic
dilation for small-bowel Crohn’s Disease strictures, emphasizing its role in delaying surgical
interventions and improving patient outcomes in the short term; however, up to two-thirds
of patients need re-dilation or surgery [48,49].

6.2. Remouval of Foreign Bodies

In the context of Crohn’s Disease, foreign bodies typically refer to undigested food
particles or medication bezoars that can accumulate in areas of the intestine narrowed by
strictures [50,51]. DAE allows for the direct visualization and removal of these foreign
bodies, which can alleviate obstructive symptoms and prevent the progression to more
severe complications, such as bowel obstruction or perforation [52]. DAE is also a feasible,
relatively safe, and effective method to remove retained video capsule endoscopes. A
recent systematic review demonstrated that the pooled successful retrieval rate using DBE
was 86.5%, with a higher success for capsules retained in the jejunum or higher in the small
bowel (100% retrieval success rate), and lower for those in the ileum (success rate of 74.1%).
Successful capsule retrieval significantly reduced the need for subsequent surgeries. Only
7.2% of successful retrievals required surgery compared to 38.5% in unsuccessful cases,
highlighting the benefit of effective DBE use [53].

6.3. Treatment of Bleeding Lesions

Bleeding in the small intestine can originate from disease-associated lesions and
anastomotic ulcers, potentially causing significant blood loss and leading to anemia [54].
DAE enables the precise localization and treatment of these bleeding lesions, employing
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techniques such as argon plasma coagulation (APC) [55], endoscopic clipping [56], or the
injection of hemostatic agents [47].

These endoscopic treatments can effectively manage and control bleeding, reducing
the need for transfusions, further diagnostic testing, or surgical intervention [57]. The
choice of technique is influenced by the lesion’s location, severity of bleeding, presence of
associated complications (e.g., strictures), and the patient’s overall condition [58].

In cases where the bleeding is severe, a prior CT angiography may be relevant. CT
angiography can help identify the precise bleeding site and assess the vascular anatomy,
which is crucial for planning an appropriate treatment [59]. Some severe cases of bleeding
can be more effectively managed with intravascular coiling, a minimally invasive procedure
performed by interventional radiologists. Intravascular coiling involves the placement of
coils to occlude the bleeding vessel, providing rapid hemostasis and minimizing the risk of
recurrent bleeding [60].

For cases of severely bleeding ulcers, an endovascular radiological approach may
also be preferable. This approach allows for the targeted delivery of embolic agents or
coiling directly to the bleeding site, offering an alternative to endoscopic treatments when
bleeding is not controlled or accessible via DAE [61,62]. The integration of endovascular
techniques in the management of small-intestinal bleeding underscores the importance of a
multidisciplinary approach, combining the expertise of gastroenterologists, interventional
radiologists, and surgeons to optimize patient outcomes.

6.4. Steroid Injection

Endoscopic steroid injections have been studied as a treatment for Crohn’s Disease, par-
ticularly focusing on strictures and inflammation management [63]. Singh et al. highlight
the use of intramural steroid injections in conjunction with endoscopic dilation, presenting
a promising approach to managing CD-related strictures, indicating high success rates and
suggesting the potential for reduced fibrosis and improved clinical outcomes [64]. Alesan-
dra Lavy and colleague affirm the beneficial outcomes of steroid injections in CD strictures,
pointing towards improved stricture management [65]. Di Nardo et al. contribute to this
body of evidence with a prospective, randomized, double-blind, controlled trial focusing on
pediatric CD patients, which underscores a steroid injection following endoscopic balloon
dilation, providing evidence that it is a successful approach for decreasing the need for
both redilation and surgery [66]. In contrast, a controlled trial by East et al. raised doubts
about its safety and efficacy: patients receiving steroid injections showed a higher incidence
of the need for repeat procedures and a shorter time to recurrence of the stricture [67].
In conclusion, there is currently insufficient evidence to support routine use in clinical
practice without a large-scale controlled trial, and it should be noted that this approach is
still considered experimental to date [68].

7. Impact on Disease Management and Patient Outcomes

The incorporation of DAE into the management of Crohn’s Disease has had a pro-
found impact on disease strategy and patient outcomes. The ability to perform targeted
interventions for complications that would otherwise require surgery has led to a reduction
in surgical intervention rates [39]. This shift towards less invasive management options
can have profound implications for patients, including reduced morbidity associated with
surgery, the preservation of bowel length (crucial in preventing short bowel syndrome in
a disease prone to multiple interventions over time), and decreased recovery times [69].
Furthermore, avoiding surgery can significantly impact the patient’s overall health trajec-
tory, reducing the risks of post-operative complications and the potential for subsequent
surgeries. Double-balloon enteroscopy (DBE) has been shown to have a substantial impact
on the management and outcomes of CD by enabling a detailed examination and inter-
vention within the small intestine [70]. A multicenter retrospective study highlighted its
findings and management implications, showing DBE’s role in altering treatment strategies
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for many patients. The findings from DBE affected management in a high percentage of
patients with documented and suspected CD (82% and 79%, respectively) [39].

8. Improvement in Symptoms and Quality of Life

DAE’s role in directly treating the complications of Crohn’s Disease contributes signif-
icantly to symptom relief. For instance, the dilation of strictures can immediately relieve
obstructive symptoms such as abdominal pain, vomiting, and bloating, while the control
of bleeding lesions can prevent anemia and associated fatigue, improving overall well-
being [71]. Beyond the physical symptom relief, the minimally invasive nature of DAE,
coupled with its efficacy in managing specific disease complications, contributes to an
overall improvement in the quality of life. Patients may experience fewer disease flare-ups,
reduced anxiety about their health, and greater engagement in social and professional
activities, contributing to a more positive outlook on life despite living with a chronic
condition [72].

9. Challenges and Limitations of DAE in Crohn’s Disease

While DAE offers significant advantages in diagnosing and managing Crohn’s Disease,
it is not without its challenges and potential complications, especially perforation and
bleeding. These factors must be carefully considered when opting for DAE as a diagnostic
or therapeutic tool.

9.1. Risk of Perforation, Bleeding, and Pancreatitis

The major adverse events related to DAE are perforation, bleeding, and pancreatitis.
One of the most serious complications in Crohn’s Disease is the risk of perforation. This
risk is inherent to the nature of the procedure, which involves navigating and, sometimes,
dilating the small intestine, an organ that may already be compromised by disease-related
damage, including the thinning or weakening of the intestinal walls due to inflammation
or fibrosis [73]. A recent systematic review found that the per-procedure perforation rate
for diagnostic BAE in CD was 0.15%, which is comparable to the rate for diagnostic BAE
across all indications. For therapeutic BAE in CD, the perforation rate was 1.74% per
procedure. The majority of these therapeutic perforations, 86%, occurred as a result of
stricture dilation [74]. Similarly, a multicenter survey in Portugal reported a perforation
risk of 0.28% associated with DAE, indicating a relatively low but significant risk [75].
Perforation can lead to severe outcomes, requiring emergency surgical intervention and
potentially leading to further complications such as infection or sepsis. DAE also carries
a risk of inducing bleeding, especially when a procedure such as stricture dilation are
performed. While bleeding is often less severe than perforation and can frequently be
managed endoscopically, it nonetheless represents a significant risk, particularly in patients
with Crohn’s Disease who may already be at an increased risk of bleeding due to their
underlying condition. A retrospective study on 776 dilations performed on patients with
Crohn’s Disease reported a risk of major bleeding, i.e., requiring blood transfusion, of
1% [76]. The estimated risk of acute pancreatitis is 0.3-1%; the proposed explanations for
the onset of acute pancreatitis from enteroscopy include the rise in intraluminal pressure
within the duodenum during the procedure, which causes duodenal fluids to flow back
into the pancreatic duct [77].

The complication rate was evaluated in a large retrospective multicenter US study,
which aimed to assess the safety, diagnostic, and therapeutic yields of DAE over a five-year
period. Over 1787 instances of DAE, only 0.9% encountered complications, including
two perforations (0.1%), six cases with bleeding (0.3%), and one episode of pancreatitis
(0.1%) [78]. Similar results emerged from a large cohort study that examined 3894 cases,
revealing an overall complication rate of approximately 1%, with pancreatitis as the most
frequent complication in diagnostic exams [79].
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9.2. Sedation Risks

DAE must be performed under deep sedation or general anesthesia, which carries
inherent risks, especially in patients with compromised health [80]. A large German registry
indicated that 0.5% of complications during DAE were associated with sedation. While
DAE can be safely performed on an outpatient basis, it is recommended that we conduct the
procedure as an inpatient procedure with extended monitoring for patients with significant
comorbidities [81]. Prolonged sedation can lead to respiratory depression, hypotension,
and other anesthesia-related complications. Studies have shown that the length of the
procedure can increase the risk of these complications. For instance, a study examining
the safety of prolonged endoscopic procedures under sedation found that an extended
procedure time was associated with a higher incidence of sedation-related adverse events,
including hypoxia and hypotension [82].

9.3. Skill and Experience Requirements

The successful and safe performance of DAE requires a high degree of skill and ex-
pertise. This is because DAE procedures involve complex techniques for navigating the
small intestine, a challenging and lengthy part of the gastrointestinal tract. The ability to
effectively manage the equipment, recognize and navigate around potential complications,
and perform therapeutic interventions requires extensive training and experience. The
outcomes of DAE, including both its diagnostic yield and the success rate of therapeutic in-
terventions, are closely linked to the operator’s experience. Studies have shown that higher
volumes of procedures are associated with improved outcomes and reduced complication
rates. This necessitates a concentrated effort to train gastroenterologists in these techniques,
which may not be available in all healthcare settings, potentially limiting access to DAE for
some patients.

9.4. Addressing the Challenges

The challenges and limitations of DAE underscore the need for careful patient selection,
thorough pre-procedural planning, and the judicious use of DAE by skilled and experienced
practitioners. Strategies to mitigate these risks include the use of pre-procedural imaging to
assess the feasibility and safety of DAE, ongoing training and education for endoscopists,
and the development of guidelines to standardize the procedure and manage complications
effectively [83,84].

In conclusion, while DAE represents a significant advancement in the management
of Crohn’s Disease, its technical challenges and potential complications require a careful
and considered approach. Through specialized training, experience, and the adherence to
best practices, the risks associated with DAE can be minimized, maximizing its benefits for
patients with Crohn’s Disease [85].

10. Conclusions

DAE has solidified its role as a pivotal tool in the management of Crohn’s Disease
by providing comprehensive insights into the small intestine and offering both diagnostic
and therapeutic capabilities. As the technology and techniques of DAE continue to evolve,
the potential to further improve patient care and outcomes in Crohn’s Disease remains
significant. Ongoing research and development are vital to maximizing the utility of
DAE, ensuring patient safety, and expanding its therapeutic applications. The continuous
improvement of DAE technology and techniques is essential in order to enhance its safety
profile, reduce procedural risks, and expand its therapeutic capabilities.
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A G = W

Abstract: Background/Objectives: Inflammatory bowel disease (IBD) and eosinophilic gastroin-
testinal diseases (EGIDs) are complex, multifactorial chronic inflammatory disorders affecting the
gastrointestinal tract. Their epidemiology, particularly for eosinophilic esophagitis (EoE), is increasing
worldwide, with a rise in the co-diagnosis of IBD and EGIDs. Both disorders share common risk
factors, such as early exposure to antibiotics or specific dietary habits. Moreover, from a molecular
perspective, eosinophilic infiltration is crucial in the diagnosis of eosinophilic disorders, and it also
plays a pivotal role in IBD histological diagnosis. Indeed, recent evidence highlights the significant
role of eosinophils in the health of the intestinal mucosal barrier and as mediators between innate
and acquired immunity, even indicating a potential role in IBD pathogenesis. This narrative review
aims to summarize the current evidence regarding the common clinical and molecular aspects of
EGIDs and IBD and the current state of knowledge regarding overlap conditions and their patho-
genesis. Methods: Pubmed was searched until May 2023 to assess relevant studies describing the
epidemiology, pathophysiology, and therapy of EGIDs in IBD. Results: The immune pathways and
mechanisms underlying both EGIDs and IBD remain partially known. An improved understanding
of the role of eosinophils in overlapping conditions could lead to enhanced diagnostic precision, the
development of more effective future therapeutic strategies, and a more accurate prediction of patient
response. Consequently, the identification of red flags indicative of an eosinophilic disorder in IBD
patients is of paramount importance and must be evaluated on a case-by-case basis.

Keywords: inflammatory bowel disease; eosinophilic gastrointestinal disease; eosinophilic esophagi-
tis; eosinophils

1. Introduction

Inflammatory bowel diseases (IBDs) and eosinophilic gastrointestinal diseases (EGIDs)
are multifactorial chronic inflammatory disorders of the gastrointestinal (GI) tract. Their epi-
demiology is increasing worldwide, particularly in newly industrialized countries, placing
a great burden on the healthcare system [1,2]. IBDs, encompassing Crohn’s disease (CD) and
ulcerative colitis (UC), are mainly characterized by abdominal pain, fatigue, diarrhea, and
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rectal bleeding. These disorders are typically managed with immune-modulating drugs,
although in severe cases and complications, surgery may be required [3-5]. EGIDs are
further distinguished into eosinophilic esophagitis (EoE), the most prevalent disease of this
group, and non-EoE-EGIDs. Non-EoE-EGIDs are less common and include eosinophilic
gastritis (EoG), eosinophilic enteritis (EoN) and eosinophilic colitis (EoC) [6]. EoE is a
type 2 associated inflammatory disorder characterized by eosinophilic infiltration of the
esophageal wall, which may lead to fibrosis and dysfunction of esophageal function in some
patients [7]. This results in adult patients with dysphagia, food bolus impaction, chest pain
and heartburn. Management includes elimination diets, conventional medications such
as proton pump inhibitors and swallowed topical corticosteroids (STCs) or biologic drugs
targeting interleukin 4 (IL-4) (e.g., Dupilumab), and endoscopic dilation in cases of fibrotic
stenosis [8]. EGIDs and IBD share certain similarities in terms of potential etiologies and
risk factors, and they may coexist simultaneously in the same patient [9]. The pathogenesis
of both conditions remains unclear, although it is widely acknowledged that they result
from the interaction between genetic predisposition, environmental factors, and alterations
in the gut microbiota, which can lead to an aberrant immune response and chronic inflam-
mation of the GI system [10]. It has been demonstrated that early-life exposure to antibiotics
during gestation, particularly during the first years of life, is associated with an increased
risk of developing both EGIDs and IBD, with a particular association with Crohn’s disease
in adulthood [11-13]. Furthermore, a recent meta-analysis has demonstrated that exclusive
breastfeeding confers protection against the development of both IBD and EoE [14,15].
Moreover, dietary habits are considered relevant environmental risk factors for both dis-
orders and, most importantly, specific diet restrictions are paramount in treating EGIDs.
Indeed, high-fat diets and ultra-processed foods are associated with an increased risk of
developing CD [16,17]. Furthermore, as previously stated, food elimination diets that avoid
specific food allergens (e.g., milk, gluten, soy, fish, tree nuts/peanuts, eggs) represent a
primary therapeutic approach for EoE, particularly in the pediatric population [18]. Addi-
tionally, dysbiosis and the reduction of microbiota species diversity have been reported to
impact on the origin and maintenance of both inflammatory disorders [19-21]. The role of
dysbiosis in the pathogenesis of these diseases may explain the higher risk of developing
IBD, especially CD associated with previous PPI use [22,23], which is not observed with
other anti-secretory drugs [24]. The interaction between PPIs and EGIDs is controversial,
as PPIs are considered a first-line pharmaceutical therapy together with STCs; however,
the resulting interference in peptic digestion may increase esophageal exposure to food
allergens [25]. Furthermore, from a molecular point of view, the upregulation of shared
inflammatory molecules, such as specific subtypes of Toll-like receptors (TLRs), has been
observed in both non-treated EoE and in active IBD [26,27]. Similarly, pro-inflammatory
cytokines (e.g., interleukin-5, IL-5), which are involved in the activation and recruitment
of eosinophils, are overexpressed in the intestinal mucosa of patients with UC and active
CD [28,29].

The aim of this narrative review is to provide a critical summary of the common clinical
and molecular aspects of EGIDs and IBD and the role of eosinophils in their pathogenesis
and to present the current state of knowledge regarding the overlapping of these conditions.

2. Eosinophils in the Gut: Their Role in EGIDs and IBD

Eosinophils are a subtype of polymorphonuclear leukocytes derived from bone mar-
row pluripotential hematopoietic stem cells under the influence of several cytokines, includ-
ing interleukin 3 (IL-3), 13 (IL-13), IL-5 and granulocyte macrophage colony-stimulating
factor (GM-CSF) [30]. Their presence is not limited to the blood and the hematopoietic
organs; indeed, tissue eosinophils can be found under physiologic conditions in the mam-
mary glands, uterus, the non-esophageal part of the gastrointestinal tract, and in adipose
tissue [31]. Their physiological distribution is uneven in the GI tract [32], with a greater
prevalence in the lamina propria of the small bowel, ileum, and colon and almost absent
in the esophagus [32,33]. Historically, their known functions were limited to the protec-
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tion against parasitic infections and food allergy phenomena [34,35]. Nevertheless, the
current evidence, although limited to animal models, indicates that eosinophils play a
significant role in the immune homeostasis of the entire digestive system [36]. This is
particularly evident in the maintenance of the integrity of the intestinal mucosal barrier, in
the interaction with gut microbiota, and in the mediation between type I and Il immunity.
In this context, Jung et al. [37] and Ignacio et al. [38] observed that eosinophil-deficient
mice exhibited a significant decrease in the integrity of the mucosal barrier, major villous
architecture abnormalities, and intestinal permeability in response to microbial colonization.
Eosinophils play a pivotal role in the survival of plasma cells, as evidenced by the release
of proliferation-inducing ligand (APRIL) and interleukin-6 (IL-6) in the bone marrow and
inducible nitric oxide synthase (iNOS), lymphotoxin, and interleukin-1f3 (IL-1f) in the
GI system. The aforementioned factors are responsible for the T-cell independent IgA
switching class and the development of gut-associated lymphoid tissue (GALT) in Peyer
patches [37,39]. Furthermore, eosinophils act as intermediaries between the innate and
adaptive immune responses, increasing the number of Th2 cells [40,41] and T-regulatory
cells such as Th17 [42]. Moreover, in balanced conditions, eosinophils, in conjunction with
mast cells, have bidirectional communication with the enteric nervous system (ENS) [41].
This communication influences contractility and secretory bowel function through the re-
lease of vasoactive intestinal peptide (VIP) and substance P [43]. It also stimulates nervous
growth and participates in the recruitment of immune cells when activated [41,44].

The recruitment of eosinophils in the intestinal mucosa is mediated by several cy-
tokines (e.g., IL-5, IL-13 and interleukin 33 (IL-33) and chemokines (particularly eotaxines)
released by white, endothelial, and epithelial cells of the GI tract. Eotaxines (principally
eotaxin 1, followed by eotaxines 2 and 3) are chemokines that bind to eosinophils’ surface
receptor CCR3, resulting in eosinophil migration and homing in the lamina propria of
the bowel mucosa [45,46]. Eosinophilic infiltration is a prominent histological feature in
both IBD [47] and in EGID patients [48]. It has been demonstrated that an upregulation
of eotaxines, regardless of disease activity, occurs due to overexpression of CCR3 in UC
patients [49]. Furthermore, IL-1 and IL-33 have been identified in both animal and human
models of colitis [50,51]. The relationship between eosinophils and UC is well supported
by the well-defined assumption that UC is characterized by a disorder of the Th2 immune
response rather than the enhanced Thl profile observed in CD patients [52]. However,
eosinophils in surgical specimens of resected ileum of CD patients have been linked to an
increased risk of early recurrence [29], while peripheral blood eosinophilia has been shown
to predict clinically active disease in pediatric CD patients [53] and has been associated
with increased disease severity in both CD and UC [54,55].

Eosinophils are directly responsible for intestinal tissue damage through the degranu-
lation of eosinophil-derived neurotoxin (EDN), eosinophil cationic protein (ECP), major
basic proteins (MBP-1 and MBP-2), and eosinophil peroxidase (EPO). ECP is a ribonucleasis
protein that provides apoptosis signals [56], while MBPs alter cell membrane functions,
leading to increased intestinal permeability in the inflamed intestine [57]. MBP, in conjunc-
tion with EDN, may also affect the cholinergic pathways of the ENS, resulting in motility
dysfunction [56]. Furthermore, elevated levels of MBP and EDN in the feces have been
associated with disease activity in both CD and UC and may serve as additional biomarkers,
particularly for detecting early responses to biological and steroid therapies [58,59]. Smyth
et al. [60] observed that eosinophils were selectively localized near the ENS nerves in the
mucosa, extending to the muscle layer in patients with CD. This resulted in enhanced
substance P release and choline acetyltransferase nerve function. Moreover, eosinophils
can contribute to the perpetuation of inflammation by synthesizing chemokine CXCLS,
which has been observed to be responsible for neutrophil infiltration in the intestinal lamina
propria, which is directly related to the severity of disease in UC patients [61]. Finally,
recent evidence has shown the potential role of eosinophils in the development of fibrosis.
Although eosinophil infiltration has been associated with fibrosis in other districts [57] and
an abnormal distribution of eosinophils and overexpression of IL-33 has been observed in
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CD ileum stricture in a pediatric population [62], more recent studies have demonstrated
that eosinophil depletion can protect against chronic inflammation but does not influence
collagen deposition and fibrosis development [63].

EGIDs and specifically EoE are type 2-associated inflammatory disorders that result
from the interaction of genetic predisposition, food sensitization and the abnormal infil-
tration of eosinophil cells in the mucosa layers. Genetic variants and polymorphisms of
genes involved in eosinophil homing (e.g., CCL26, eotaxin 3) and eosinophil activation
and differentiation in Th2 cells (TSLP, WDR36) have been associated with an increased
risk of developing EoE [64]. Chemokines involved in eosinophil migration, particularly
eotaxin-3, are overexpressed in the epithelium of EoE patients as well as in IBD patients
and may represent a potential therapeutic target [65]. Eosinophil degranulation products
directly damage the mucosa layer and mucosal barrier function. Furthermore, in IBD,
ECP and MBP can alter membrane permeability and mucosal barrier function, while EDN
is involved in the activation and recruitment of dendritic cells, which in turn promotes
the production of Th2 profile immune cytokines, such as IL-33, IL-5, IL-13, which sustain
the inflammatory process [7,66]. Recent evidence suggests a potential role of eosinophils
in esophageal motility disorders observed in EoE. For instance, MBP interferes with the
cholinergic nervous pathway, while the release of IL-13 and IL-6 causes relaxation of the
esophageal sphincter. Cytotoxic eosinophilic granules can cause neural apoptosis with
irreversible alterations to nervous function [67]. In this regard, a recent retrospective study
observed esophageal dysmotility and achalasia in almost 15% of EoE patients [68], and a
recent systematic review by Visaggi et al. highlighted the resolution of motility disorders in
EoE patients on treatment, supporting the hypothesis of an interaction between eosinophils
and pathological functions of the ENS [69]. Nevertheless, eosinophils produce transform-
ing growth factor-3 (TGF-f3), which induces the expression of collagen and fibronectin,
resulting in fibrotic tissue remodeling [70]. Another potentially important factor in the
pathogenesis of eosinophilic disorders is the microbiota of the gastrointestinal tract. A
recent systematic review examined current knowledge regarding the role of the microbiota
in EoE pathogenesis. It highlighted similarities between the oral and esophageal microbiota
and microbial products, as well as a higher microbiota load in EoE patients compared to
controls [71]. Furthermore, Massimino et al. [20] reported a potential correlation between
microbe species and alimentary allergens triggering the inflammatory process. Finally,
Facchin et al. showed that members of the Actinobacillus, Bergeyella, Porphyromonas and
Alloprevotella genera were positively associated with biological samples with eos/HPF >
15 [72]. Figure 1 elucidates the molecular mechanisms possibly shared by IBD and EGIDs.

Tissue damage
Fibrosis

’ Eosinophils' recruitment ‘ Eosinophils activation ‘ ‘

Figure 1. Molecular pathways shared by IBD and EGIDs. Different chemokines and cytokines
are involved in eosinophils activation. While IL-3 and GM-CSF are responsible for activation and
promoting eosinophils maturation in bone marrow, many other molecules are mainly involved
in eosinophils’ recruitment, such as IL-5, IL-4, IL13 and IL-33. The activation and eosinophils’
degranulation can directly cause tissue damage, altering membrane permeability and barrier function.
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Moreover, the products of eosinophils” degranulation can alter nervous pathways and cause neural
apoptosis with irreversible altered nervous functions of the enteric nervous system. Additionally,
eosinophils can induce the deposition of collagen with fibrotic tissue remodeling by the release of
tumor-growing factor-p (TGF- $3).

3. Diagnosis and Endoscopy: Differences and Similarities

The accurate assessment of disease severity and prognosis in both EGIDs and IBD is
contingent upon a comprehensive description and quantification of endoscopic alterations,
complemented by the collection of bioptic samples for diagnostic purposes. In detail, endo-
scopic scores of activities currently recommended for EoE and EoG (EREFS and EG-REFS,
respectively) include description/evaluation of both inflammatory and fibrotic aspects [73].
EoE is endoscopically characterized by the presence of edema, rings, exudates, furrows, and
strictures. However, according to the literature, in a variable proportion of patients (5-32%),
these typical endoscopic features are not visible in EoE, and the esophageal mucosa may
appear normal [74,75]. In contrast, the EG-REFS is based on the presence of erosions/ulcers,
raised lesions, fold thickening, and pyloric stenosis or friability, erythema, and granularity
of the gastric mucosa [76-79]. EoC and EoN are typically characterized by a normal mucosa
appearance, with non-specific edema, erythematous areas, or aphthous lesions [80].

In UC, endoscopy mostly reveals a homogenous and continuous inflammation that
originates in the rectum and extends proximally. The presence of erythema, friability
and bleeding of the mucosa, erosions, and ulcers are evaluated and included as core
items in the Mayo endoscopic score (MES) and the Ulcerative Colitis Endoscopic Index of
Severity (UCEIS). Conversely, CD is characterized by a patchy and transmural inflammatory
behavior, often with normal mucosa. Typical endoscopic features of CD include aphthous
ulcers and deep serpiginous ulcers, strictures, pseudopolyps, and fistulas. In the evaluation
of disease activity and severity, as recommended by the European Crohn’s and Colitis
Organization (ECCO), either the Simple Endoscopic Score for Crohn’s Disease (SES-CD) or
the Crohn’s Disease Endoscopic Index of Severity (CDEIS) can be adopted [81-84].

Documenting eosinophilic infiltration is a diagnostic and necessary parameter for
EGIDs and is based on an adequate and extensive bioptic sampling (i.e., at least two
biopsies from the distal, mid, and upper esophagus in case of suspected EoE) [85]. The
diagnosis of EGIDs requires the presence of eosinophilic infiltration above specific thresh-
olds depending on the disease location. The diagnostic threshold for EoE is a peak of at
least 15 eosinophils per high-power field (HPF) [85-87]. There is no consensus regarding
the definition of eosinophil thresholds for non-EoE EGIDs. However, it is widely acknowl-
edged that non-EoE EGIDs have higher eosinophilic infiltration cut-offs. For EoG and EoN,
the proposed threshold is greater than or equal to 30 eosinophils per HPF for the stomach,
greater than or equal to 50 eosinophils in the duodenum, and greater than 56 eosinophils
per HPF in the ileum [88]. Eosinophils are typically absent from the left colon and rectum
and are rarely observed in the right colon. In adults, normal values range from 1 to 3 cells
per HPF, while in children, they range from 50 to 100 cells per HPF [89]. The pathological
threshold for EoC in adults is defined as greater than 40 cells per HPF in at least two colonic
segments [90]. Eosinophils in EoC are mainly located in the submucosa and within the crypt
epithelium. Such instances are rare and do not result in the formation of crypt abscesses
or extensive degranulation, as observed in patients with IBD [91]. If IBD is suspected,
it is recommended that at least two biopsies be taken from the terminal ileum and each
segment of the colon (cecum, ascending colon, transverse colon, descending colon, sigmoid
colon, and rectum) [92]. This is regardless of whether the mucosa appears endoscopically
normal [93,94]. In case of suspected involvement of the upper digestive tract, esophageal,
gastric, and duodenal biopsies are indicated in patients with known IBD [93]. However, it is
important to underline that abnormalities in the upper digestive tract have been described
in almost 80% of CD patients of pediatric age [95]. The number of eosinophils present in
UC colon samples is variable, but their coexistence with basal plasmacytosis (more than
three cells at the base and lateral part of the crypts) increases the likelihood of a correct
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diagnosis [96]. Furthermore, eosinophilia (more than 60 cells HPF), especially in the left
colon at diagnosis, may be predictive of non-response to medical treatment [97,98]. In
contrast to UC samples, eosinophils are less characteristic in CD samples. For instance,
eosinophils can be observed in conjunction with neutrophils on the surface of the intestinal
epithelium in the early CD ileum [99,100]. Conversely, their presence alongside T lympho-
cytes within the submucosal or intramuscular plexus (ganglionitis) in surgical specimens is
a distinctive histological feature of transmural inflammation and a prognostic factor for
disease recurrence when present in the resection margins [101]. Esophageal involvement
in CD is exceedingly rare and is typically characterized by erosions and ulcerations. Con-
versely, endoscopic pathognomonic features in EoE are furrows, rings, and exudates [102].
Eosinophilic infiltration is uncommon in CD esophagitis. A 14 years study conducted by
the Mayo Clinic found that no esophageal biopsies in CD esophagitis showed eosinophilic
infiltration [103]. Involvement of the stomach and duodenum in CD occurs in 0.5-4% of
patients with CD and is usually associated with a concomitant ileal or ileo-colonic disease.
The histological examination of such cases reveals non-caseating granulomas as the most
common finding [104].

4. Overlapping Syndrome: EGIDs and IBD

Non-esophageal EGIDs are still considered rare diseases, and there is currently a lack
of data from large retrospective and prospective studies about the potential for overlapping
syndrome with IBD. The available data come from anecdotal case reports, which suggests
a potential correlation with anti-TNF medications. For example, a 10-year-old patient
with Crohn’s disease who was exposed to infliximab developed worsening abdominal
pain and diarrhea, along with peripheral eosinophilia and eosinophilic infiltration in the
duodenum and stomach. These symptoms improved when the patient was taken off the
infliximab [105]. In a more recent case report published by Konstantinos et al. [106], a
67-year-old female patient was diagnosed with both EoC and CD in the absence of other
potential precipitating factors such as infections or medications. Symptoms of EGIDs
mainly involving small and/or large bowel include chronic diarrhea, while endoscopy
shows diffuse erythema of the colonic mucosa with sparing of the ileal mucosa and the
presence of a mixed CD/EoC pattern on histological examination. In Figure 2, we report
the clinical case of a young female patient affected by ileo-colonic CD who was referred to
the emergency department for anemia and emesis with blood streaks.

Regarding the overlap between IBD and EoE, Limketkai et al. [107] in a 7-year prospec-
tive study found a risk ratio of 5.4 and 3.3, respectively, for CD and UC patients developing
EoE. A pre-existing diagnosis of EoE increased the risk of a new and later IBD diagno-
sis with similar risk ratios. Male and younger IBD patients were more likely to develop
EoE, whereas among EoE patients, male gender was only associated with a higher risk
of developing UC [107]. In addition, in a recent Swedish national study, Uchida et al. [9]
reported a 4-fold increased risk of developing IBD in EoE patients, while IBD patients had
up to 15 times increased odds of a subsequent diagnosis of EoE. Interestingly, EoE was
more commonly associated with CD, although it shares type 2 inflammatory pathways
with UC [9]. Similar results were found in a retrospective pediatric study, which also
reported a difference in the timing of EoE diagnosis between UC and CD; while EoE was
frequently diagnosed during CD follow-up, the onset of EoE was concomitant in 64.7% of
UC patients [108]. Furthermore, 83% of the co-diagnoses of EoE-CD were made during CD
remission or mild activity, and 10 CD patients developed EoE during clinical remission after
anti-TNF therapy, supporting the hypothesis of a correlation between anti-TNF therapy
and GI eosinophilia. A possible explanation may be that CD is driven by Th1 immunity,
and the resulting suppression may lead to uncontrolled upregulation of the Th2 immune
pathway [108,109]. In addition, the severity and extent of disease in overlapping syndromes
differ from those in isolated forms. For example, histological remission of EoE with PPI
treatment is estimated to be around 50.5% [110,111] and could reach up to 57.8-64.9% with
STCs in two recent systematic reviews [112,113]. However, Urquhart et al. [114] found
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that in overlapping syndromes, eosinophilic disease had a more severe and fibro-stenotic
pattern, with more than half of the patients presenting rings and strictures at the diag-
nosis. In more detail, the rate of histological remission after undergoing PPI and STCs
was, respectively, 8.7% and 16.7% in the UC cohort and 38.7% and 31.8% in the CD cohort.
Over half of the UC patients exhibited pancolitis, while 46.8% of the CD patients displayed
ileo-colonic involvement. Although data are limited, no great differences in symptoms
characteristics and severity and endoscopic features have been reported between patients
with co-diagnosis of IBD and EoE and patients affected by EoE alone [115]. Nevertheless,
some authors reported a major prevalence of dysphagia in patients with overlap syndrome
and an early diagnosis of IBD [116]. The evidence basis for the clinical outcomes of co-
diagnosis of IBD and EoE is limited, and the available data are not entirely consistent.
In this context, Limketkai et al. [107] evaluated an elevated risk of IBD complications in
co-diagnosis of IBD and EoE, with an increased likelihood of requiring systemic steroids
and biological treatment. The study found a reduced risk of bowel resection in both CD and
UC. Similarly, Malik et al. [117] reported in a recent retrospective cohort study that there
was an increased composite risk of IBD-related complications for both CD and UC [(CD:
adjusted HR (aHR) 1.14, p < 0.005; UC: aHR 1.17, p < 0.01)], as well as a need for biologic
treatment for IBD. However, there were no significant differences in surgical resection and
the need for systemic steroids [117]. EoE in the context of concurrent IBD was found to
be significantly associated with a lower risk of food bolus impaction and a greater need
for biological therapies, in comparison to non-IBD-EoE counterparts [117]. This may be
attributed to the enhanced endoscopic surveillance and the concurrent administration of
biological therapy in IBD treatment.

Figure 2. Concomitant Crohn’s disease and EGID: during colonoscopy (D), peri-anastomotic mild
activity of IBD was documented (Rutgeerts score i2), while the esophagogastroduodenoscopy (EGD)
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revealed in the esophagus oedema, exudates and longitudinal furrows and erythema and linear
erosions in the stomach (A,C) with multiple gastric clear-based ulcers (III, sec Forrest Classification)
(B). Histological examination of the esophagus revealed diffuse eosinophilic infiltrate involving
the squamous mucosa (200/HPF), basal zone hyperplasia, focal surface desquamation, and lamina
propria fibrosis (E). Diffuse eosinophilic infiltrate involving the mucosa and the submucosa with
intra-epithelial eosinophils, mucin depletion, reactive epithelial changes, and mild architectural
distortion was observed in the gastric specimens (F).

In conclusion, patients with IBD and EoE have a higher risk of developing immune-
mediated comorbidities than those with only one of the two disorders. This risk is par-
ticularly high for Thl-mediated disorders, such as coeliac disease and rheumatological
IBD-related conditions, and for Th2-mediated disorders such as eczema and asthma.

5. Treatment of IBD and Overlapping EoE

To date, there is a paucity of data regarding the treatment of IBD with concomitant
EoE. The optimal treatment strategies in the setting of co-occurrence remain unknown. The
majority of data on treatment outcomes, escalation, and safety derive from pediatric studies.
Overall, lower clinical and histologic response rates have been observed in cases of EoE
and coexisting IBD, suggesting that this phenotype might be more difficult to treat [114].
Conversely, further studies have reported that patients with IBD alone have significantly
higher rates of treatment escalation and hospitalization compared to those with EoE-IBD
or EoE alone [118]. Biologic therapies, such as anti-TNF agents, are commonly used to treat
IBD. However, they have not proven effective in treating EoE [119], despite TNF-x being
upregulated and highly expressed by esophageal epithelial cells in patients with EoE [120].
Their role is controversial; as previously stated, TNF-alpha inhibitors have been associated
with a higher risk of developing eosinophilic disorders in IBD patients [105,106]. However,
isolated cases of steroid-dependent EoE have been reported and successfully treated with
other anti-TNF« such as adalimumab, mainly in the pediatric population [121,122]. Indeed,
a retrospective case—control study including pediatric patients demonstrated that the use
of anti-TNF« in managing pre-existing IBD provided protection against EOE development
(RR 0.314, 95% CI 0.159-0.619) [123].

Moreover, another biological drug that may be employed in the treatment of overlap-
ping conditions is represented by vedolizumab, an anti-a437 integrin agent that inhibits
leukocyte trafficking in CD and CU. This drug has recently been reported for the treatment
of refractory EoE [124]. In detail, clinical response, along with endoscopic and histological
improvement, was observed in patients with lower gastrointestinal tract eosinophilic in-
volvement and with eosinophilic duodenitis [125,126]. In support of the hypothesis that
the two diseases operate through mechanisms of shared leukocyte trafficking, a number of
studies have shown that the presence of mucosal eosinophilia is an independent predictor
of a higher rate of efficacy of vedolizumab in IBD [127,128].

As previously mentioned, EoE is typically characterised by a Th2 inflammatory re-
sponse, whereas IBD, especially CD, involves a Th1/Th17 response with the participation
of interleukin 10 (IL-10). Nevertheless, both disease states exhibit shared cytokine and
T-helper cell-mediated mechanisms. In CD, there is an elevation in mucosal IL-5 expres-
sion, while UC exhibits increased eotaxin expression, which acts as a chemoattractant for
eosinophils. IL-5 has been linked to eosinophil activation in tissues and may contribute to
early mucosal damage in CD [107,129]. This suggests that EoE and IBD may share similar
biological pathways and therapeutic targets but may lack a definitive common inflamma-
tory pathway that prevents a full response in patients with the two overlapping conditions.
Dupilumab, a monoclonal antibody that blocks interleukin-4 (IL-4) and IL-13 and the only
biologic approved for the treatment of EoE, has not been studied in patients with IBD and
concomitant EoE. Nevertheless, dupilumab has been demonstrated to be safe and effica-
cious in the treatment of atopic dermatitis among patients with IBD, including primary
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atopic dermatitis and dermatitis triggered or exacerbated by anti-TNF therapy [130,131].
A Phase 2 clinical trial is currently enrolling participants to assess the efficacy and safety
of dupilumab therapy in patients with UC with an eosinophilic phenotype [132]. Finally,
combination treatment with monoclonal antibodies targeting hyper-eosinophilic syndrome
in overlapping EoE and IBD syndrome has been reported without safety concerns [133].

6. Discussion

IBD, EoE, and non-EoE EGIDs are examples of gastrointestinal diseases characterized
by underlying immune dysregulation. Current research is making a significant effort to
understand their shared pathogenic pathways. Preclinical and clinical data indicate and
support that these disorders hold common genetic and early environmental factors. The
association of IBD and EGIDs appears to be bidirectional. Indeed, recent nationwide cohort
studies have reported a nearly 4-fold increased risk of later IBD diagnosis in patients
with established EoE and 15-fold increased odds of later EoE diagnosis in patients with
established IBD [9]. The diagnosis of an overlapping IBD and EGID poses several challenges
for physicians; recognizing possible ‘red flags’ (disease-specific signs and symptoms) of an
adjunctive inflammatory disorder in the context of an established disease with a known GI
involvement may be tricky and delay further diagnostic work-up and referral. Secondly,
medications used for the underlying chronic disease may confound the onset of the later
IBD/EGIDs, and finally, some patients might have an initial misclassification of the first
IBD/EGID. Regarding IBD, after many years of collaborative research across multiple
societies, so-called ‘red flags” have been identified and standardized for the appropriate
referral of patients to specialists. This process has not yet been initiated for associations with
concurrent, even rarer, conditions such as EGIDs. In Figure 3, we propose an algorithm for
suspecting and ruling out EGIDs in case of known IBD. The occurrence of extra-intestinal
symptoms (i.e., dysphagia, weight loss, rapid dose escalation or swapping of therapies)
requires further investigation in IBD patients. The preliminary characterization of coexistent
IBD and EGIDs, particularly EoE, has shown that these patients may present accelerated
organ remodeling (i.e., esophageal rings and strictures), displaying a modified phenotype
and natural history [114]. Coexistent IBD and EGIDs may configurate a sub-set of yet
unidentified difficult-to-treat patients. Preclinical data have shown clinical efficacy and
achievement of therapeutic goals in both conditions selectively blocking the IL-4, IL-5 and
IL-13 pathways. Still, a precise characterization of these molecular pathways, especially
that of Th-2 inflammation (which is involved in the creation of organ damage) is necessary
to identify and develop new therapeutic targets. In our view, to fully comprehend the
complex relationship between IBD and EGIDs, larger studies incorporating genetic and
environmental data are needed. Awareness of and education on coexisting IBD and EGIDs
must be promoted by healthcare professionals and require multidisciplinary management.

Demographic features Symptoms Disease course
male gender dysphagia rapid dose escalation
younger age (pediatric, <15 weight loss rapid swapping of therapies
years old) atypical chest pain pediatric onset of IBD

family history of EGIDs

personal history of asthma

Figure 3. Red flags for suspecting and ruling out EGIDs in cases of known IBD.
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Abstract: Background: Crohn’s disease (CD) is a chronic, progressive inflammatory condition, involv-
ing primarily the bowel, characterized by a typical remitting—relapsing pattern. Despite endoscopy
representing the reference standard for the diagnosis and assessment of disease activity, radiological
imaging has a key role, providing information about mural and extra-visceral involvement. Methods:
Computed Tomography and Magnetic Resonance Imaging are the most frequently used radiological
techniques in clinical practice for both the diagnosis and staging of CD involving the small bowel
in non-urgent settings. The contribution of imaging in the management of CD is reported on by
answering the following practical questions: (1) What is the best technique for the assessment of
small bowel CD? (2) Is imaging a good option to assess colonic disease? (3) Which disease pattern is
present: inflammatory, fibrotic or fistulizing? (4) Is it possible to identify the presence of strictures
and to discriminate inflammatory from fibrotic ones? (5) How does imaging help in defining disease
extension and localization? (6) Can imaging assess disease activity? (7) Is it possible to evaluate
post-operative recurrence? Results: Imaging is suitable for assessing disease activity, extension
and characterizing disease patterns. CT and MRI can both answer the abovementioned questions,
but MRI has a greater sensitivity and specificity for assessing disease activity and does not use
ionizing radiation. Conclusions: Radiologists are essential healthcare professionals to be involved
in multidisciplinary teams for the management of CD patients to obtain the necessary answers for
clinically relevant questions.

Keywords: inflammatory bowel disease; Crohn’s disease; Computed Tomography; Magnetic Reso-
nance Imaging

1. Introduction

Inflammatory bowel diseases (IBDs) are chronic, progressive inflammatory diseases,
involving primarily the bowel, characterized by a typical remitting-relapsing pattern. The
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aetiology is unknown, but the most accredited hypothesis is that environmental factors
induce in genetically predisposed hosts an alteration of intestinal microbiota, gut epithelial
barrier leaks and a subsequent dysregulation of the gut immune response, thus being
responsible for bowel damage [1].

The incidence of IBD is quite stable in western countries, but the prevalence is pro-
gressively growing due to the low rate of disease-related mortality (stage of compounding
prevalence) [2]. IBD is commonly diagnosed at a young age, with a peak of incidence
between 18 and 35 years, even though it is not rare a diagnosis among paediatric and
elderly populations.

Two main forms are recognized: Crohn’s disease (CD), potentially affecting all gas-
trointestinal tracts and characterized by a transmural inflammation, and ulcerative colitis
(UQ), involving only the colon at the mucosa layer. If bloody diarrhoea represents the
typical symptom of UC, the spectrum of clinical manifestations for CD can be quite variable.
The evolution of chronic inflammation can progressively lead to the development of com-
plications in both conditions, such as stenosis or fistulas for CD, and luminal narrowing
or colorectal cancer for UC [3,4]. Endoscopy is the reference standard for the diagnosis
and assessment of disease activity in both diseases, but imaging has a key role as well,
providing information about parietal and extra-visceral involvement. In particular, imaging
is useful for the diagnosing and staging of small bowel CD, while its role in UC is limited
to the presence of complications or in cases of acute severe presentation [5].

In this setting, a strict collaboration between radiologists and gastroenterologists/
surgeons is required to improve imaging performance, and radiologists are asked to
answer specific clinical questions. The aim of this paper was to describe the contribution
of imaging in the management of CD by answering to seven practical clinical and/or
surgical questions.

2. Methods
2.1. Questions

We established 7 practical and clinically relevant questions which we tried to provide
answers to, in detail:

(1) What is the best technique for the assessment of small bowel CD? (2) Is imaging
a good option to assess colonic disease? (3) Which disease pattern is present; inflamma-
tory, fibrotic or fistulizing? (4) Is it possible to identify the presence of strictures and to
discriminate inflammatory from fibrotic ones? (5) How does imaging help defining disease
extension and localization? (6) Can imaging assess disease activity? (7) Is it possible to
evaluate post-operative recurrence?

2.2. Search on Medline Electronic Database

Accordingly, we conducted a comprehensive electronic search on the Medline elec-
tronic database through January 2024 with no language restrictions using the following
search terms: (“IBD”) OR (“Crohn’s Disease (CD)”) AND (“imaging”) or (“radiology”)
or (“Computed Tomography”) or (“Magnetic Resonance”). Two independent reviewers
(LMM and LL) independently evaluated the title and abstract of studies identified in the
primary search and then the full text of selected articles. Papers were selected based on
their capability to provide evidence relevant to our pre-specified questions.

3. What Is the Best Technique for the Assessment of Small Bowel CD?

Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) are the most
frequently used radiological techniques in clinical practice for both the diagnosis and the
staging of CD involving the small bowel in non-urgent settings. However, for patients
presenting to the emergency room for acute abdominal pain, potentially related to an
intestinal obstruction or sepsis, an abdominal CT scan with iv contrast medium and without
distension of the intestinal loops is recommended [6,7]. The CT and the MRI must be
performed with a rigorous technique: in particular, it is essential to have optimal distention
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of the intestinal loops. Accordingly, they are both performed with the administration
of a contrast medium by mouth (MR-enterography, MR-E; CT-enterography, CT-E) or
by naso-jejunal tube (MR-enteroclysis, MR-e; CT-enteroclysis, CT-e). The administration
of the contrast medium through a naso-jejunal tube allows to obtain a better distension
of the jejunum, which is often collapsed during image acquisition when the medium is
administered orally [8-11] (Figure 1).

Figure 1. Coronal CT-E image after iodinated contrast medium injection: example of optimal
distention of the ileal loops obtained by oral administration contrast medium (arrowheads); jejunal
loops are on the top left (white asterisk). Original figures by LMM and LL.

Despite these differences in the distention of the intestinal loops, both methods of
contrast administration have shown similar diagnostic accuracy for the diagnosis of CD
and its complications, but patients” discomfort can be considerably higher using CT/MR-e.
The values of diagnostic imaging’s accuracy range from 95% to 100% for MR-e and from
72% to 98% for MR-E [12-16].

Accordingly, CT/MR-E are the most frequently used radiological techniques in clinical
practice [12]. Many contrast agents are used to distend the intestine in both CT-E and MR-E,
such as polyethylene glycol solution (PEG), oil emulsions, water, air, Mucofalk®, dilute
barium sulphate, mannitol, sorbitol, and locust bean gum (Table 1); PEG is one of most
commonly administered, due to its low cost and few side effects.

The loops can be considered adequately distended when good distension of the lumen
and clear visualization of the small bowel wall are obtained; the distension can be classified
into five degrees: 1, collapse; 2, distension less than 50% of the adequately distended
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segment; 3, distension > 50% but <80%; 4, distension in the 80-100% range; and 5, optimal
distension. Use of antimotility drugs helps to reduce bowel movements that can mimic
a wall thickening. These contrast agents make the lumen hypodense in CT and allow a
better visualization of the small bowel internal wall and the degree of enhancement after
intravenous injection of the iodinated contrast medium (Figure 2).

Table 1. Types of oral contrast agents and their advantages and disadvantages.

Oral Contrast Agents Advantages Disadvantage
Well tolerated, biphasic . .
Water properties in MRI Rapid absorption
PEG Better distension than water The least tolerated of all
and MC agents due to diarrhoea
MC Better tolerated than PEG Lowel.‘ dlStenS}On than PEG
and dilute barium sulphate
dilute barium sulphate Good distension Mﬂd side effects (gas and
diarrhoea)
Oil emulsions Grater viscosity than water Little tolerated

PEG, polyethylene glycol solution; MC, methylcellulose.

Figure 2. Axial CT-E image after iodinated contrast medium injection: example of intestinal loops’

distension by a hypodense contrast medium (polyethylene glycol solution), showing the hypodensity
of the jejunal lumen (asterisks) and the hyperdensity of the intestinal wall (arrowheads). Original
figures by LMM and LL.

Conversely, in MR, the appearance depends on the specific sequences of acquisition:
on T2-weighted images, the intestinal lumen is hyperintense, while T1-weighted sequences
after injection of gadolinium contrast medium allow to visualize the degree of enhance-
ment of the bowel wall, thanks to the contrast between the dark bowel lumen and the
hyperintense intestinal walls (Figure 3).
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In CT, even if the hyperdense contrast medium (1-2% barium sulphate suspension
or a 2-3% water-soluble iodinated solution) hides the normal intestinal wall and the
characteristics of its enhancement, it can be used in patients with suspected intestinal
perforation or fistulizing disease, as it allows better visualization of contrast medium
extravasation and the fistulas (Figure 4) [17-19].

Figure 3. MR-E: example of intestinal loops” distention by biphasic contrast medium (polyethylene
glycol solution). Intestinal lumen (asterisks) is hyperintense in T2-weighted axial image (a) and
hypointense in T1-weighted coronal image after gadolinium injection (b). Original figures by LMM
and LL.

Figure 4. CT-E axial image: example of intestinal distension by oral administration of hydrosoluble

iodine contrast medium in patient who has undergone intestinal resection with suspected post-
surgical fistula. The image shows the hyperdense appearance of the ileal lumen (asterisks). Original
figures by LMM and LL.
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CT-E is still the most widely used technique; however, whenever possible, MR-E
should be preferred due to the absence of ionizing radiation and the greater contrast reso-
lution, which allows for a better visualization of the intestinal wall and its fibrotic and /or
inflammatory alterations [20,21]. In fact, during their lifetime, almost 10% of patients
affected by CD are exposed to a potentially harmful quantity of radiation, established as
>50 milli-sieverts (mSv) (corresponding to five CT abdomen examinations) [22]. However,
radiation exposure may significantly differ from one model of CT to another; for exam-
ple, a multidetector-CT allows a reduction of radiation exposure up to 10-60%, thanks
to effective detector conformation, image postprocessing algorithms, better filters, and
automatic exposure controls [23]. Moreover, several techniques have been developed to
reduce the radiation dose, such as moderation of exposure time, voltage, amperage, the use
of noise-reduction filters and /or of concentrated oral contrast (Telebrix 9% instead of the
commonly used 3% concentration) and of high noise index (MBCT—modified small bowel
CT), and the absence of the administration of intravenous (iv) contrast [24]. These low-dose
techniques can provide precise and useful diagnostic information, despite resulting in
lower quality images [25].

4. Is Imaging a Good Option to Assess Colonic Disease?

CT-E and MR-E are usually performed for the evaluation of the small intestine, while
endoscopy is preferred when it comes to colonic disease. Even though colonic distention
is not routinely recommended, in specific clinical situations—such as the presence of
colonic strictures—it could be helpful [26]. Bowel distension can be performed at the
end of CT/MR-enterography, using air (colonography-CT) (Figure 5) or water (CT/MR-
enterography with water enema or Hydro-CT/MRI) (Figure 6).

Figure 5. CT after iodinated contrast injection: example of colon distension using air by endorectal

insufflation in the coronal (a) and axial (b) planes (asterisks). (c) Another example of colonic distension
using air by endorectal insufflation in the axial plane shows a polypoid thickening of the sigmoid
colon (arrow); hyperdense contrast agent for faecal tagging is also evident in the lumen (black
asterisks). Original figures by LMM, LL and BB.
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Figure 6. Hydro-CT. Coronal (a—c) images show good distension of the colon obtained by both

endorectal (white asterisks) and oral (black asterisks) administration of water and hypodense contrast
medium (polyethylene glycol solution). Original figures by LMM and LL.
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Some studies have shown that the distention of the colon through the rectum improves
the visualization of the ileo-caecal region in CT-E, thereby increasing the diagnostic accuracy
of the exam, although the patient’s discomfort can be considerably higher. Diagnostic
accuracy values with and without colonic distension were, respectively, 92% and 81% [27].
Similar findings also emerged for MR-E, since an additional rectal enema seems to increase
the confidence of radiologists in the diagnosis of bowel disease, either located in the colon
or in the ileocecal region [28].

Finally, a study performed in CD patients and healthy volunteers showed that per-
forming a synchronous colonography and MR-E guaranteed a good distension of the
jejunum in around 80% and of the terminal ileum in >94% of patients in both groups [29].

5. Which Disease Pattern Is Present: Inflammatory, Fibrotic or Fistulizing?

From a radiological point of view, CD patterns can be classified into three categories:
active with predominant inflammatory signs, fibro-stenotic and fistulizing / penetrating [30].
This distinction is crucial because it can influence the therapeutic approach, specifically in
the choice between medical and surgical treatment.

5.1. Active Subtype

In the active subtype, the typical MR/CT-E findings are the presence of bowel thick-
ening, oedema, mucosal ulcers, segmental parietal hyperenhancement and/or stratified
contrast enhancement (CE) after the administration of iv contrast [31,32].

Thickening of the intestinal wall, measured after the distension of the loop by oral
contrast medium, is considered one of the most important signs of active disease and it
is found in 82% of patients with CD. The normal intestinal wall appears on CT/MR-E as
a hyperdense/hyperintense line with a thickness of less than 3 mm. In the case of wall
thickening, it needs to be measured at the point of greatest thickness [33]. The thickening is
considered minimal if between 3 and 5 mm, moderate between 6 and 9 mm, and marked
if equal to or greater than 10 mm. Some studies have shown that the degree of wall
thickening correlates with disease activity: thresholds of 6 mm and 10 mm have been
proposed to discriminate between mild and moderate activity, and between moderate and
severe activity, respectively [28,29].

In MR-E, intestinal wall oedema is detected on T2-weighted sequences and appears
as a mural hyperintense signal (compared to the signal of the skeletal muscle), more
evident in fat-saturation sequences [34,35]; conversely, in CT-E, wall oedema appears as
a hypodense layer of the intestinal wall, after the administration of iodinated contrast
medium. Stratified CE is present when mural thickening shows a marked enhancement
of the inner and outer layers (i.e., the mucosa, and the muscle layer and serosa), as a
consequence of hyperaemia, while the intermediate layer (i.e., the submucosa) appears
hypointense/hypodense, respectively, in CT/MR-E, due to oedema. Mucosal ulcers are
usually seen in the presence of more severe inflammation, and they appear as mucosal
irregularities on T2 sequences in MR-E. Finally, another frequent sign of activity is the
engorgement of vasa recta, related to the hyperaemia of the near mesentery, manifesting
as mesenteric arterial dilation, tortuosity, prominence and wide spacing [31]. Examples of
active CD are shown in Figures 7-9.
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Figure 7. Assessment of disease activity. MR-E after gadolinium injection and administration of
polyethylene glycol solution: axial (a) and coronal (b) images show pathological thickening of
the distal ileum (arrow) with hyperintensity of the inner layer (mucosa) referred to hyperaemia,
hypointensity of the intermediate layer (submucosa) referred to oedema, and hyperintensity of outer
layer (serosa) referred to hyperaemia. Original figures by LMM and LL.

Figure 8. Assessment of disease activity. Axial CT-E after iodinated contrast injection and administra-

tion of polyethylene glycol solution (a,b) shows thickening of the descending colon with perivisceral
fat stranding surrounding the pathological segment (white arrowheads in (a)). A bowel wall ulcer is
also evident in another plane (white arrowheads in (b)). Original figures by LMM and LL.
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Figure 9. Assessment of disease activity. Axial MR-E after gadolinium injection image and adminis-
tration of polyethylene glycol solution shows ileal thickening with stratified contrast enhancement
(white arrows); a «minus» spot is present in the intestinal wall, indicative of deep parietal ulcer (black
arrow). Original figures by LMM and LL.

5.2. Fibro-Stenotic Subtype

In this subtype, mural thickening is usually minimal (3-5 mm), without oedema of the
bowel wall, with a homogenous, non-stratified CE after iv contrast medium administration.
On MR-E, the intestinal wall shows a hypointense signal on T2-weighted sequences. In the
case of stenosis, a pre-stenotic dilatation can be associated, ranging from minimal (3—4 cm)
to severe (>4 cm) [33,36].

An example of fibro-stenotic disease is shown in Figure 10.
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Figure 10. Fibro-stenotic subtype. MR-E after gadolinium injection and administration of polyethy-

lene glycol solution, axial image shows fibrotic ileal loop with a stretched appearance (white arrow-
heads). Original figures by LMM and LL.

5.3. Fistulising/Perforating Subtype

This subtype is characterized by the presence of sinus tracts, fistulas and/or inflamma-
tory masses. Sinus tracts are blind-ending tracts that develop when inflammation extends
across the serosa layer. When a communication with another structure is established, the
sinus tract generates a fistula. In radiological reports, a fistula is reported by describ-
ing the bowel loop of origin and the structure to which is connected (e.g., entero-enteric,
entero-colic, entero-cutaneous or entero-vesical fistulas) (Figures 11-13).
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Figure 11. Fistulizing disease. MR-E after administration of polyethylene glycol solution; the T2-

weighted axial image (a), T2-weighted coronal image (b) and contrast-enhanced fat-sat T1-weighted
coronal image (c) show an ileo-ileal fistula in the distal ileum (arrows); focal fatty depositions in the
submucosal layer are evident in a (asterisks). Original figures by LMM and LL.
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Figure 12. Fistulizing disease. MR-E after gadolinium injection and administration of polyethylene
glycol solution, coronal image shows pathological intestinal loops in hypogastrium-right iliac fossa,
with entero-enteric fistulas (white arrowheads). Original figures by LMM and LL.

Furthermore, a consequence of fistulising disease can be the formation of an abscess,
appearing as a fluid collection delimitated by an enhanced wall and, in some cases, con-
taining air (Figures 14-16). The accuracy of CT and MR for the detection of fistulas is
similar [36].

52



J. Clin. Med. 2024, 13, 4145

Figure 13. Entero-enteric fistula: CT-E coronal image after iodinated contrast injection and adminis-

tration of polyethylene glycol solution shows entero-enteric fistula between the descending colon
and an adjacent ileal loop (arrows). Letter “A” indicates the coronal view of the CT-E image. Original
figures by LMM and LL.
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Figure 14. Intraparietal abscess and mesenteric inflammation. MR-E after gadolinium injection
and administration of polyethylene glycol solution: axial image shows nodular formation with hy-
pointense central core and hyperintense peripheral rim in the wall of a pathological loop (intraparietal
abscess, arrowhead). In the adjacent mesentery, hyperintensity of the mesenteric fat is observed
with local hypervascularization (hypertrophy of vasa recta, white arrow). Original figures by LMM

and LL.
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Figure 15. Entero-enteric fistula and entero-cutaneous fistula: MR-E after administration of polyethy-
lene glycol solution. T2-weighted axial image (a) shows pathological loops with entero-enteric
fistulas (white arrowheads). Further fistula with hyperintense T2 signal can be observed between the
pathological loop and the anterior abdominal wall (arrow). T2-weighted sagittal image (b) shows the
fistula between the pathological loop and the anterior abdominal wall; hyperintensity of signal in the
lumen of fistula is present (black arrowheads). Original figures by LMM and LL.
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Figure 16. Abscess/phlegmon: CT-E after iodinated contrast injection and administration of polyethy-
lene glycol solution. Axial image (a) shows an abscess/phlegmon (arrowheads) with extension to
the wall of the left anterior rectus muscle (white arrow). Sagittal image (b) shows the extension
of the abscess/phlegmon (arrowheads) to the wall of the left anterior rectus muscle (white arrow);
perienteric fat stranding is present in pelvis (asterisk). Inhomogeneous hypodense tissue portion is
present with anti-slope air components. Original figures by LMM and LL.
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6. Is It Possible to Identify the Presence of Strictures and to Discriminate Inflammatory
from Fibrotic Ones?

6.1. Definition of Stricture

Currently, there is no agreement in the literature concerning the radiological definition
of stricture [37-43].

In 2019, Bettenworth et al. [37] performed a systematic review of radiology studies,
showing great heterogeneity of the definitions adopted, which included one or more of
the following features: pre-stenotic dilatation, wall thickening and/or luminal narrowing.
The accuracy of cross-sectional imaging in the identification of strictures differs among
studies, depending on the definition adopted—specifically, whether strictures are identified
by the presence of the three abovementioned features, or just one or two. Chiorean
et al. [38] used one item (bowel lumen narrowing) for stricture diagnosis in CT exams
and found a sensitivity of 92% and specificity of 39%; on the contrary, another study with
CT using two items (bowel lumen narrowing and increased wall thickness) found 100%
sensitivity and 100% specificity [39]. Of four studies reporting the accuracy of MR-E, none
provided an exact definition of stricture [40,41,44,45]. Example of stricture are shown in
Figures 17 and 18.

Figure 17. Fibro-stenotic subtype. MR-E after gadolinium injection and administration of polyethy-

lene glycol solution; axial (a) and coronal (b) images show a homogeneous enhanced intestinal wall
with narrowing of the terminal ileum (white arrow) and with dilation of the upstream small bowel
loop (black arrow). Original figures by LMM and LL.
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Figure 18. Intestinal stenosis: CT-E after iodinated contrast injection and administration of polyethy-

lene glycol solution; coronal image (a) and sagittal image (b) show tight stenosis of the descendent
colon (arrowheads), with stratified contrast enhancement; mild overdistention of the upstream
descending colon (asterisk) is evident. Original figures by LMM and LL.

6.2. Differentiation between Fibrotic or Inflammatory Stenosis

Once the presence of stenosis has been established, radiologists are called upon to
define whether it is fibrotic or inflammatory. To better characterize the implications of
different radiological findings, several studies have assessed the correlation between CT or
MR-E findings and pathological specimens in patients who underwent intestinal resection.
Adler et al. [46] found significant correlations between CT-E findings and pathological
specimens in detecting both inflammatory and fibrosis signs; in particular, CT-E findings of
mesenteric hypervascularity, mucosal hyperenhancement, and mesenteric fat stranding
predicted the presence of inflammatory features. Chiorean et al. [38] compared CT-E signs
to histopathological specimens, using a four-grade scale for inflammation (none, mild,
moderate and severe) and a three-grade scale for fibrosis (none, mild /moderate and severe):
in their work, CT-E correctly detected inflammation and fibrosis with a sensitivity of 77%
and 79%, respectively.

Moving to MRI, in 2011, Zappa et al. [34] found a positive association between
histopathological inflammation and MR-E signs, such as wall thickness, degree of wall
enhancement on the delayed phase, pattern of enhancement, relative mural hyperinten-
sity on T2-weighted sequences, loco-regional hypervascularity, presence of a fistula and
abscesses. Moreover, the authors found the presence of fibrosis to correlate well with
active inflammation, indicating that both processes (i.e., acute inflammatory infiltrate and
apposition of fibrotic tissue) might be contemporarily present: based on these findings, they
suggest that the dichotomous distinction between ‘inflammatory” and ‘fibrotic” patients
might not be relevant in clinical practice.

In 2014, Tielbeek and al. [47] compared the histological scores of acute inflammation
and fibrosis with the following MR-E findings: intestinal mural thickness measured on
T2-weighted fat-saturated images, T1 and T2 ratio, maximum contrast enhancement and
slope of increase after contrast injection. Mural thickness and T1 ratio correlated with both
inflammation and fibrosis, likely owing to their simultaneous presence in the same bowel
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segment. A higher T2 ratio was significantly associated with more severe inflammation as
well as with mild fibro-stenotic disease; conversely, a lower T2 ratio correlated with low
inflammation scores and severe fibro-stenosis. Maximum enhancement and initial slope
of increase showed a good correlation with histopathology, confirming the importance of
intravenously administered gadolinium to assess disease activity. The same authors also
assessed the role of diffusion-weighted imaging (DWI), a new sequence performed with
multiple b values (usually 0-800 s/mm? or 0-600 s/mm?) and a measurement of the signal
in a manually drawn region of interest (ROI) placed on the bowel wall on the apparent
diffusion coefficient (ADC) map. Notably, they observed a significant correlation between
ADC decrease and fibrosis.

In 2015, Rimola et al. [48] compared three-grade inflammatory and fibrosis histopatho-
logical scores with the following MR-E findings: wall thickening, oedema, ulcers, signal
intensity of the submucosa after injection gadolinium contrast medium at 70 s and 7 min,
stenosis and contrast enhancement pattern. The authors found a correlation between
inflammation and the presence of T2 hyperintensity, enhancement of the mucosa, presence
of ulcers and blurred margin; on the other hand, the percentage of enhancement gain,
pattern of enhancement at 7 min and presence of stenosis correlated with fibrosis. Finally,
the percentage of enhancement gain could differentiate between mild-to-moderate and
severe fibrosis (sensitivity 94%, specificity 89%).

More recently, Wilkens et al. [49,50] evaluated if there was a correlation between
small bowel wall perfusion measurements and histopathological scores for inflammation
or fibrosis in CD, using both ultrasound (US) and MR-E. It emerged that intestinal wall
thickness, assessed with either US or MR-E, was a valid marker of inflammation, but
not of fibrosis. Moreover, a relative contrast enhancement in both techniques could not
differentiate between acute inflammatory and fibrosis.

Finally, Cicero et al. [51] evaluated 59 patients, further divided into non-surgical (never
undergone surgery) and surgical (at least one surgical operation for CD). Signal intensity
in DWI images was measured at the highest b-value within pathologic intestinal walls
and at lymph nodes, spleen and psoas muscle to calculate relative ratios (bowel/spleen,
bowel/psoas and bowel/lymph node). In the non-surgical group, a positive correlation
was found between endoscopic activity (assessed by the Simple Endoscopic Score for
Crohn’s Disease [50]) and all ratios; in the surgical group, endoscopic activity positively
correlated only with the bowel/lymph node ratio and bowel/psoas ratio.

7. How Does Imaging Help Defining Disease Extension and Localization?

As previously reported, the length of the small bowel varies in relation to the age, sex,
weight and height of the patient. Patients with CD seem to have a shorter small bowel
than the general population; one of the explanations could be the presence of increased
contractile activity of fibroblasts in the extracellular matrix in patients affected by stricturing
CD [52,53].

Currently, the length of the small intestine is measured with MR-E or CT-E [54-57]. In
2014, Sinha et al. assessed the length of the small intestine with MR images using vascular
imaging software, finding a good correlation between the MR-E and surgical measures [55].

Similar findings emerged in another study, in which the measures of 54 consecutive
patients undergoing ileo-colic resection, calculated with CT-E or MR-E through 2D multi-
planar (MPR) reconstructions, were compared with surgical results. The best correlation
between the two measures emerged when the length of the pathological segments was less
than or equal to 20 cm. For more extensive diseases, the imaging tends to overestimate the
length of the pathological intestine [57].

In our department, we use postprocessing technologies, such as MPR, and specific
post-processing 2D and 3D software (Vue PACS Carestream) to identify the small bowel
and manually measure the pathological loops and residual normal bowel [54].
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Measuring intestinal length is also useful in the presence of fistulas or stenosis: they
can be precisely localized based on their distance from the ileocecal valve or from the Treitz
ligament, thereby providing useful information to plan surgery or endoscopic dilation.

Examples of measurement are shown in Figures 19 and 20.

Figure 19. Calculation of the length of unaffected intestine using postprocessing software; a tubular
view of the small bowel loops from MR-E is shown. The green line indicates the center of the bowel
lumen. Original figures by LMM and LL.
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Figure 20. Calculation of the length of affected intestine using postprocessing software; a tubular
view of the small bowel loops from CT-E is shown. There is evidence of two areas of pathological
wall thickening on the right of the picture (arrowheads). The green line indicates the center of the
bowel lumen. Original figures by LMM and LL.

8. Can Radiological Imaging Assess Disease Activity?

Clinical manifestations of CD are quite variable, and they do not always correlate
with the severity of endoscopic lesions or radiologic involvement. The Crohn’s Disease
Activity Index (CDAI) is the most used clinical score in randomized controlled trials, but
the complexity of its calculation, requiring a recall of 7 days, and the poor correlation with
endoscopy limit its applicability in routine clinical practice [50]. The Harvey—Bradshaw
Index represents an easier way to calculate clinical disease activity and has therefore been
adopted in several real-world studies, but it has never been validated [50]. More recently,
the Patient Reported Outcome (PRO)-2 score, including the two items of abdominal pain
and stool frequency, is increasingly used in both clinical practice and clinical trials [58].
Biochemical parameters, mainly serum C-reactive protein and faecal calprotectin, are
useful inflammatory markers for patient monitoring, and their normalization is currently
considered an optimal target to pursue in the medium-term [59]. With regard to imaging,
MR-E or CT-E are used to assess disease activity and also to evaluate how patients respond
to medical therapy. Several scores have been developed so far to quantify the radiological
activity of CD, showing a good correlation (Table 2) with clinical, laboratory and/or
endoscopic parameters [31].

In a recent study comparing the MaRIA, Clermont and London indexes, the MaRIA
index was shown to be the most accurate for the evaluation of disease activity and to grade
its severity. The cut-offs established for the identification of active disease were 7 for the
MaRIA, 8.4 for the Clermont index and 4.1 for the London index, while the cut-offs for
severe inflammation were 11 for the MaRIA and 12.5 for the Clermont index [63].

Recently, Rimola et al. [64] evaluated the role of ADC values for the identification of
bowel inflammation and therapeutic response in patients with CD treated with biologic
therapy. The assessment of MaRIA score and the presence of endoscopic ulcers were
determined at baseline and 46 weeks after starting therapy. Their findings did not support
use of ADC rather than MaRIA scores for detecting the response to biologic therapy.
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Table 2. (a) MEGS and CDMILI. (b) MARIA Score and Clermont index.

(@)

MEGS Score (Score from 0 to 3)

CDMI Score (Score from 0 to 3)

Mural thickness of small
bowel

0: <3 mm
1: >3-5 mm
2: >5-7 mm

3: >7 mm

0: <3 mm
1: >3-5 mm
2: >5-7 mm

3: >7 mm

Mural T2 signal compared
to normal bowel wall

0: Equivalent to normal
bowel wall
1: Minor increase in signal on
fat-saturated images
2: Moderate increase in signal.
3: Marked increase in signal

0: Equivalent to normal
bowel wall
1: Minor increase in signal on
fat-saturated images
2: Moderate increase in signal.
3: Marked increase in signal

Perimural T2 signal

0: Equivalent to normal
mesentery
1: Increase in mesenteric signal
but no fluid
2: Small fluid rim (<2 mm)
3: Larger fluid rim (>2 mm)

0: Equivalent to normal
mesentery
1: Increase in mesenteric signal
but no fluid
2: Small fluid rim (<2 mm)
3: Larger fluid rim (>2 mm

T1 enhancement
compared with nearest
vessels

0: Equivalent to normal bowel
wall
1: Minor enhancement of the

bowel wall

2: Moderate enhancement but

somewhat less than the nearby

vascular structures
3: Moderate enhancement

similar to the nearby vascular

structures

0: Equivalent to normal bowel
wall
1: Minor enhancement of the

bowel wall

2: Moderate enhancement but

somewhat less than the nearby

vascular structures
3: Moderate enhancement

similar to the nearby vascular

structures

0: Not available or

0: Not available

Mural enhancement homogeneous 1: Homogeneous
pattern 1: Mucosal 2: Mucosal
2: Layered 3: Layered
0: None

Haustral loss

1: <1/3 segment
2:1/3 to 2/3 segment
3: >2/3 segment

Multiplication factor per 0-5cm x 1
segment 5-15cm x 1.5
Length of disease segment >15cm x 2
Additional score for 0-5 3 nodes greater than 1 cm

extramural features

Lymph nodes (short
diameter 1 cm or more)

Absent, present

0: absent
1: Cluster less than 1 cm
2: 1 node greater than 1 cm
3: 3 nodes greater than 1 cm

Engorged vasa recta

Absent, present

Absent, present

Abscess

Absent, present

Fistulae

Absent, present

Other

Lymph node enhancement
compared to nearest vessel;
Less than nearby vascular
structure; Equivalent or greater
to nearby vascular structure
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Table 2. Cont.

(b)
MARIA Score Clermont Index

Bowel mural thickness >3 mm >3 mm

Presence of mucosal ulcers
(deep grooves in the No, yes No, yes

mucosa)
Presence of wall oedema
(hyperintensity on

T2-weighted images of the No, yes No, yes

bowel mural layers
relative to the signal of the
psoas muscle)

WSI was calculated in the areas
with the predominant
Wall signal intensity (WSI)  thickening and corresponded to Not evaluated
the average of three WSI
measurements

RCE = ((WSI post-gadolinium —
WESI pre-gadolinium)/(WSI
Relative contrast pre-gadolinium)) x 100 x
enhancement (RCE) (standard deviation-SD noise
pre-gadolinium/SD noise
post-gadolinium).

Not evaluated

Fistulas, abscesses,
enlarged (>8 mm) regional

mesenteric lymph nodes, Not evaluated No, yes
and fibrofatty
proliferation.

DWI hyperintensity Not evaluated No, yes

MEGS Score = (Jejunal Score x Factor for Jejunum Involved Length) + (Proximal Ileum Score x Factor for Proximal
Ileum Length) + (Terminal Ileum Score x Factor for Terminal Ileum Length) + (Caecum Score x Factor For Caecum
Length) + (Ascending Score x Factor for Ascending Length) + (Transverse Score x Factor for Transverse Length)
+ (Descending Score x Factor for Descending Length) + (Sigmoid Score x Factor for Sigmoid Length) + (Rectum
Score x Factor for Rectum Length) + Score for Abscess + Score for Fistula + Score for Adenopathy + Score for
engorged vasa recta. No cut-off [60]. MRI index: 1.79 + 1.34 mural thickness (mm) + 0.94 mural T2 score; cut
off =4.1 [61]. MaRIA = 1.5 x mural thickness (mm) + 0.02 X relative contrast enhancement + 5 x oedema + 10 x
ulcers. The total MaRIA score was calculated as the sum of the MaRIA in each intestinal tract. The cut-off points
established for differentiating active from inactive disease is 7. A maria score > 11 is highly predictive of severe
ileal CD [31]. Clermont score: ~1.321 x ADC (mm?/s) + 1.646 x mural thickening (mm) + 8.306 x ulcerations +
5.613 x oedema + 5.039. A Clermont score > 8.4 is highly predictive of ileal CD activity. A value of Clermont
score > 12.5 is highly predictive of severe ileal CD [62].

9. Is It Possible to Assess Post-Operative Recurrence?

About 20% of patients affected by CD undergo surgery in the first five years following
the diagnosis and most of them experience post-operative recurrence (POR) [65]. Smoking
habits, fistulising disease at index surgery, history of previous intestinal surgery and
perianal disease are considered the main risk factors of POR. In the case of POR, endoscopic
lesions usually precede the onset of symptoms [66]. Accordingly, in clinical practice, tight
control with an endoscopy at 6-9 months after surgery and a stepwise treatment in the case
of POR is routinely performed [67]. Currently, the endoscopic Rutgeerts score [50], albeit
not validated, represents the reference standard scoring system in post-operative settings.

Several radiological studies have explored the role of MR-E or CT-E (£ water enema)
in comparison to endoscopy for detecting POR [68-74].

In particular, MR-E performed similarly to ileocolonoscopy for predicting clinical
recurrence and to faecal calprotectin for predicting endoscopic recurrence [72]. Djelouah
et al. [71] compared the diagnostic capabilities of MR-E using contrast-enhanced sequences
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to DWI, with endoscopy as the reference standard, and found that DWI-MRE has diagnostic
capabilities similar to those of CE-MRE for the diagnosis of anastomotic POR. Schaefer
etal. [68] developed and validated a MR imaging-based index (MONITOR index) to predict
clinical POR and found that it was an efficient and reliable tool that can be used in clinical
practice.

Choi et al. [70] evaluated the diagnostic yield and accuracy of CT-E and found that it
can represent a viable option for early (<12 months) surveillance of anastomotic recurrence.
Furthermore, the addition of a water enema provided a good distension of both sides of
ileocolic anastomoses, allowing for the detection of recurrence [69].

10. Conclusions

CD is characterized by transmural inflammation potentially involving any tract of the
digestive tube; the progression of disease can induce the development of complications
and irreparable bowel damage. Imaging has a key role in clinical practice for assessing
disease activity and extension and characterizing the disease pattern (i.e., inflammatory,
fibrotic or fistulizing/penetrating). All these aspects have a meaningful impact on patient
management, especially in those situations requiring a precise risk-benefit assessment
between medical and surgical approaches. Moreover, imaging can be used for detecting
POR, even though endoscopy still represents the reference standard. CT and MRI can both
answer the abovementioned questions, but MRI should be preferred, owing to its greater
sensitivity and specificity for assessing disease activity and to the lack of ionizing radiation.
Regardless of the technique employed, adequate distension of the small bowel is essential
to maximize its diagnostic performance, while the distention of the colon, via rectal enemas,
should be adopted only in special situations.

In conclusion, radiologists are essential healthcare professionals to be involved in
multidisciplinary teams for the management of CD patients, and strict collaboration is
required among specialists to obtain the necessary answers for clinically relevant questions.

Our review aimed to be as pragmatic as possible by answering clinical questions that
are posed daily in the management of CD, and it has provided a synthesis of the available
data on these topics; however, a systematic review was not performed, and this review
might suffer from subjectivity in the determination of which studies to include, the way
the studies were analysed and the conclusions drawn.

Despite providing some useful indications regarding the role of radiology in the
management of patients with CD, further research and systematic reviews are undoubt-
edly needed.
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Abstract: Crohn’s disease (CD) is a chronic inflammatory disease associated with a significant burden
in terms of quality of life and health care costs. It is frequently associated with several complications,
including the development of intestinal strictures. Stricturing CD requires a careful multidisciplinary
approach involving medical therapy and surgery, still posing a continuous management challenge;
in this context, endoscopic treatment represents a valuable, in-between opportunity as a minimally
invasive strategy endorsed by extensive yet heterogeneous evidence and evolving research and
techniques. This review summarizes current knowledge on the role of therapeutic endoscopy
in stricturing CD, focusing on evidence gaps, recent updates, and novel techniques intended for
optimizing efficacy, safety, and tailoring of this approach in the view of precision endoscopy.

Keywords: Crohn’s disease; Crohn; stricture; balloon dilation; EBD; stricturotomy; intestinal stent;
fibrosis; nanoparticles

1. Introduction

Crohn’s disease (CD) is a chronic inflammatory condition that can affect all gastroin-
testinal tract segments, with an intermittent and chronic course and increasing incidence [1].
Intestinal strictures represent one of the most frequent complications of CD, resulting from
sustained transmural inflammation and abnormal extracellular matrix deposition and
affecting approximately one-third of CD patients [2]. Two types of stricture can be identi-
fied: primary (de novo) and secondary (post-operative, anastomotic) strictures: primary
strictures can develop in all segments affected by the disease, with the ileum being the
most frequent site of onset, given the higher prevalence of disease-related inflammation in
this segment and its smaller diameter compared to the colon [3,4].

Prompt multidisciplinary management of stricturing CD is required, considering the
risk of bowel obstruction, the neoplastic potential [5], and the need to monitor upstream
disease activity hidden proximally to the stricture. In this scenario, advanced therapy
with biologics and small molecules may delay or reduce the need for repeated surgery in
an bowel-sparing perspective [6]. Endoscopy stands out between medical therapy and
surgery as a feasible, minimally invasive tool in selected cases, with an established role and
still growing evidence in managing stricturing CD. Endoscopic balloon dilation (EBD) is
the most extensively employed endoscopic procedure, being associated with a technical
success rate exceeding 90% in most studies and a favorable safety profile for the treatment
of short intestinal strictures [7]. Beyond EBD, in the last two decades, a wide range of
alternative procedures have been gathering attention [8], with still limited data and a
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lack of standardization both in techniques and study designs [9]. In the era of precision
endoscopy in inflammatory bowel disease (IBD), there is growing interest in advanced
imaging techniques and artificial intelligence tools. These innovations aid in the detection
of inflammation and dysplasia, as well as the identifications of molecular patterns for
targeted interventions [10,11]. Both established and emerging therapeutic endoscopic tools
hold promise for the management of persistent Crohn’s disease (CD) through increasingly
microinvasive and personalized approaches. However, several challenges remain and there
are many breakthrough opportunities to be explored.

Our review aims to build on established knowledge of endoscopic treatment of CD-
associated strictures, identify evidence gaps, and highlight the latest advancements in the
most intriguing techniques in development (Figure 1).

Balloon Dilation

Stent Placement

Evolution of Endoscopy Combined endoscopic
in stricturing Crohn's Disease management

Fibrosis-targeting Therapy
and Novel Delivery Systems Surgery

Electroincision

Figure 1. Evolution of endoscopy in stricturing Crohn’s Disease. The improvement of the known
techniques alongside with the development of new technologies paves the way for an increasingly
less invasive, combined endoscopic approach, with a view to tailored management, bowel-sparing
strategy, and better quality of life.

2. Methods

A bibliographic search was conducted using electronic databases including PubMed,
Scopus, Embase and ClinicalTrials.gov. Search terms used included ‘Crohn’s disease’,
‘IBD’, “stricture” combined with “‘EBD’, ‘balloon dilation’, ‘stricturotomy’, ‘strictureplasty’,
‘electroincision’, ‘intestinal stent’, ‘nanomedicine’, and ‘fibrosis’. Additional search terms
for comparative studies included ‘comparison’, ‘outcome’, ‘efficacy’, ‘safety’, ‘long-term
results’, ‘clinical trials’, ‘meta-analysis” and ‘randomized controlled trials’. Bibliographies
of relevant articles were searched manually; individual authors reviewed the titles and
abstracts of the articles to assess their relevance to the study. Special attention was given to
identifying comparative studies that directly evaluated the outcomes of EBD compared to
other techniques in clinical trials and clinical practice for the treatment of CD-associated
strictures. We ensured that the selected comparative studies provided robust data and clear
results on regarding efficacy, safety, and long-term outcomes. This approach allowed us to
gather relevant information to support the conclusions of our work.
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3. Endoscopic Balloon Dilation
3.1. Endoscopic Balloon Dilation as the Standard Endoscopic Procedure for Short Strictures in
Crohn’s Disease

EBD is the first described endoscopic treatment for intestinal strictures [12]. Since
1986, EBD has been applied for a wide range of gastrointestinal strictures and has been
shown to be a straightforward, effective, and safe procedure, rapidly developing into the
most used endoscopic treatment in stricturing CD upon proper selection of the patient,
setting, and stricture type. Although extensive data are available, the heterogeneity of
techniques and study designs made the adequate standardization and generalization of
results challenging.

The definition of the efficacy outcomes and the procedure technique widely vary both
in study settings and clinical practice. According to the recent practical guidelines on
endoscopic management of stricturing CD [9], a standardization of efficacy outcomes is
advisable, in particular technical success (post-procedural resistance-free passage of the
endoscope through the stricture, specifying the type of endoscope used), clinical efficacy
(relief from occlusive symptoms at 6 months), and long-term efficacy (surgery-free survival
at 1-year follow up). However, symptoms of CD-associated strictures may not reflect
objective findings and the threshold for surgical intervention varies based on the patient
and the surgeon’s preferences; moreover, the severity of the stricture and the persistence of
symptoms might influence the need for an additional EBD [9]. The procedure technique
is also not precisely defined and varies widely in the available studies. Currently, graded
inflation is recommended over one-step inflation, as it allows proper inspection of the
dilated tract after each controlled expansion and reduces the risk of bleeding and intestinal
perforation [13]. Balloon sizes range from 12 to 20 mm and each dilation step varying from
20 s to 3 min in the available studies [12]. In a pooled analysis by Reutemann et al., no
association between balloon size and surgery-free survival was found. Notably, patients
undergoing dilations greater than 18 mm had an increased risk of surgery compared with
14 to 18 mm sizes, possibly due to the refractoriness of the disease in patients treated with
larger balloons [14]. Whether all strictures can tolerate the same degree of dilation in a
single episode, or instead, if features exist to stratify the dilation capacity of individual
stenoses, remains to be clarified. In a systematic review including 33 studies from 1991 to
2013, with 1463 CD patients who underwent 3213 EBD procedures (62% anastomotic, 38%
de novo strictures), a length < 5 cm was associated with a longer surgery-free interval after
EBD; the rate of technical success was 89.1% and EBD resulted in clinical efficacy (remission
of obstructive symptoms) in 80.9% of all patients, with no statistical difference between
anastomotic and de novo strictures. However, at 2-year follow-up, 73.5% and 42.9% of
patients underwent redilation and resective surgery respectively. A stricture length of <5 cm
was associated with a surgery-free outcome with (HR 2.5; 95% CI 1.4—4.4; p = 0.002) and
without (HR 2.4; 95% CI 1.3-4.2; p = 0.003) correction for stricture location, type of strictures,
balloon caliber, steroid injection, and accessory endoscopic therapy. A cut-off for stricture
length of <5 cm also showed a strong tendency to be associated with a redilation-free
outcome (p = 0.06); however, no specific cut-off value for balloon size could be definitively
recommended, although a larger balloon diameter was identified as a predictive factor for
greater technical success [15]. Major complications, like perforation, bleeding, or surgery
after dilation, occurred in 2.8% per procedure and 6.2% per patient. It remains unclear
whether the efficacy and the complication rate may differ based on a different dilation
strategy and technique (single-session versus multiple-session dilation, one-step versus
graded dilation). The optimal dilation method for different types of strictures remains
unclear. The number of dilations, the interval between dilations, and the length of follow-up
highly varied widely between and, in some cases, within the included studies. Moreover,
some patients may have undergone dilation in the absence of overt obstruction, which
may limit the reliability and stratification of the results. Overall, EBD is indicated in
CD patients with symptoms of bowel obstruction and non-complicated, non-angulated
strictures shorter than 5 cm (Figure 2) [9]; graded dilation with balloons up to a maximum
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size of 18-20 mm is recommended [9]. Currently, there is no full agreement on whether or
not to perform endoscopic dilation in asymptomatic patients; the patient’s symptoms do
not necessarily correlate with the functional impairment caused by the stenosis, whereas
the endoscopic treatment could delay or prevent symptoms and complication risk. Notably,
symptomatic patients who undergo EBD typically have a poorer response to treatment and
are at a higher risk of subsequent surgery compared to asymptomatic patients [9]; Similarly,
pre-stenotic dilatation is associated with poor response to EBD and increased risk of bowel
obstruction and surgery [16] despite representing the setting of the highest potential benefit
of the endoscopic strategy when effective [17].

Proper evaluation of the stricture and the patient (imaging assessment, clinical history, symptoms)

Non-angulated, non-complicated* CD-related strictures

yes no
<4-5 cm in length =5 cm in length
EBD
Technical success**
yes no, despite repeated EBD
EBD-refractory stricture
‘ }
Y \ A
Follow-up <~ Electroincision*** > Multidisciplinary Team Evaluation
effective ineffective
. v
Novel endoscopic techniques in clinical trial setting Surgery

Figure 2. Endoscopic management of strictures in Crohn’s Disease based on the practice guide-
lines on endoscopic treatment for Crohn’s disease strictures [9]. CD, Crohn’s Disease; EBD, en-
doscopic balloon dilation. * No adjacent fistulae or abscesses; ** technical success in defined as
post-procedural resistance-free passage of the endoscope through the stricture; *** only in centers
with specific expertise.

Beyond the many details to be clarified for proper standardization, recent comparative
studies (Table 1) and ongoing trials promise to give new insights into the therapeutic role
of EBD in CD. For instance, a prospective multicenter observational study is underway
to evaluate the role of EBD in ameliorating mucosal and transmural inflammation of the
prestenotic intestinal tract. Improved fecal flow and clearance of inflammatory media-
tors and microbiota could enhance the local gut microenvironment and reduce upstream
inflammation (NCT04803916).

Table 1. Comparative studies currently available on the management of CD-associated strictures.

Studv Desien Strictures Treatment Technical Long-Term Outcomes Adverse
y & Location and No of Pts Success Rate (Years fu) Events, %
average time to
. Ileocolic 176 EBD surgery/re-surgery 1.1 (perforation)
(1712017 Retrospective anastomosis 131 surgery delayed by 6.45 yearsin 8.8 (~infection)
EBD group
2.96 years recurrence-free
. 30 EBD 0.74
[18] 2024  Retrospective Duodenal 18 surgery - 6.31 years 16.67

recurrence-free, p = 0.01
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Table 1. Cont.

Studv Desien Strictures Treatment Technical Long-Term Outcomes Adverse
y 8 Location and No of Pts Success Rate (Years fu) Events, %
. Anastomosis 21 ES 100% 9.5% surgery (0.8) 8.8 (bleeding)
(1912018 Retrospective  (og 70/ fjoocolic) 164 EBD 89.5% 33.5% re-surgery (4) 1.1 (perforation)
. 11.3% surgery (0.8) .
. TIleocolic 35ES o o 10.2 (~bleeding)
[20] 2019  Retrospective Anastomosis 147 ICR - 10.2% r; iuor%gry (2.2), 31.9 (~ileus)
c s 15.4% surgery (1.8) .
. Distal ileum, 13 ES 100% o 6,9 (perforation)
[21]2020  Retrospective ileocecal valve 32 ICR 100% 18:8% r; iuor %&;ry (1.5, 25 (~infection)
[22] 2022 Randomized ) 41 EBD ) Sglé /no re—l{l.’::'vent;(? ;1) 2 (perforation)
trial 39 FCSEMS o MO T erventio 3 (perforation)

(1), p = 0.0061

ES, endoscopic electroincision; EBD, endoscopic balloon dilation; FCSEMS, fully-covered self-expandable metallic
stents; fu, follow-up ICR, ileocolic resection; p, p-value; pts, patients; ~, most frequent.

3.2. Intralesional Corticosteroid Injection

The role of intralesional corticosteroid injection following EBD remains unclear, aso
two outdated prospective, randomized clinical trials have yielded conflicting results. East
et al. compared local quadrantic injection of 40 mg of triamcinolone after EBD of short
ileocolic anastomotic CD strictures (<5 cm) to saline placebo [23]; 1 in 6 patients in the
placebo group required redilation compared to 5 in 7 in the steroid group, with a statistical
trend towards a difference in time to repeat dilation, which was worse in the steroid group
(p 0.06, HR 6.1). In a similar setting, Di Nardo et al. enrolled 29 pediatric CD patients
with both de novo (17) and anastomotic (12) short strictures to receive or not intralesional
quadrantic injection of 40 mg triamcinolone after EBD. In the placebo group, 5 and 4
of 14 patients required redilation and surgery at 12-month follow-up, respectively; in
the experimental group only 1 out of 15 patients required redilation, and none required
surgery. The groups differed significantly in time without re-dilation (p = 0.04) and surgery
(p = 0.02) [24]. The results of these two trials are quite contrasting despite using similar
injection techniques. However, a proper comparison between the two studies is limited
by small sample sizes, different populations, and different stricture locations. In 2022,
Feleshtynsky et al. displayed a new perspective on this issue, evaluating the efficacy of
intralesional prednisolone injection after EBD compared to EBD alone in 64 CD patients [25].
The stricture recurrence risk in the combination arm was 4.5 times lower than in the EBD-
alone arm at the 12-month follow-up, with clinical remission maintained in 90.7% of
patients in the combination arm compared to 65.7% in the EBD_alone arm. In addition, the
redilation rate was lower in the combination arm (1.1 = 0.3 versus 1.44 & 0.66). Notably, the
combination arm observed a better epithelial structure and decreased cellular infiltration
and fibrotic deposition at the histological level. No significant difference was reported
in terms of perforation and bleeding risk; however, no data concerning stricture location
was shown. As a result, the true benefits or harms of intralesional steroid injections after
EBD remain unknown, and this technique is not recommended in clinical practice, still
representing a missed chance in stricturing CD management.

3.3. Endoscopic Balloon Dilation in the Upper Gastrointestinal Tract

Available data on endoscopic management of strictures of upper gastrointestinal tract
is still limited, in part due to the lower prevalence of upper gastrointestinal localization
and the higher incidence of complex disease in this region, which often requires surgical
intervention. Most studies do not provide a separate analysis on the use of EBD for
CD-associated strictures of the upper gastrointestinal tract. However, Betterworth et al.
analyzed data from multicenter cohort studies involving 94 CD patients who underwent
EBD for upper gastrointestinal strictures (107 in the duodenum, 30 in the stomach, 4 in both).
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Technical and clinical success rates were 100% and 87% respectively. Major complications
occurred in 2.9% per procedure, and patients with small-bowel disease location had a
higher risk of symptom recurrence and need for redilation. Long-term outcomes were
not significantly different fromileocecal stricturesat 24 months (70.5% vs. 75.9% symptom
recurrence, 59.6% vs. 73.5% need for redilation, and 30.8% vs. 42.9% surgery) [16]. A recent
single-center experience study (2002-2018) investigated the outcomes of 86 patients with
benign duodenal stenosis treated with EBD, including 19 patients with CD. This cohort
study reported high technical and clinical success rates, which was higher for repeated
EBD in CD patients (91.7%)compared to the clinical success rate of repeated EBD for all
other aetiologies (74.3%). There were two cases of bleeding (2.3%) and no perforations [26].
Furthermore, patients who underwent aggressive initial dilation were less likely to repeat
dilation compared to non-aggressive initial dilation (mean 5.39 versus 4.07 mm more than
the estimated caliber of the stricture, p 0.07). However, among the 19 patients with CD,
6 still required surgical intervention.

Despite limited evidence available, EBD is gaining traction for duodenal disease [18],
demonstrating its potential use in the upper gastrointestinal tract as well. Overall, EBD is
considered comparably effective in the short term for both the upper and lower gastroin-
testinal tract, although its impact on long-term outcomes remains to be evaluated.

3.4. Focus on Dilation during Enteroscopy, a Stand-Alone Situation?

CD-related deep small bowel strictures require access through device-assisted en-
teroscopy, including balloon-assisted enteroscopy (BAE), with outcomes similar to those
for strictures reachable by ileocolonoscopy [5,27-29]. In a recent meta-analysis of 463 CD
patients who underwent EBD for deep small bowel strictures, the overall technical success
rate was 94.9%, with a short-term clinical efficacy of 82.3%. During follow-up (median
time 25.5 months, IQR 6-53 months), 48.3% of patients reported a recurrence of symptoms,
38.8% were re-dilated, and 27.4% underwent surgery [13]. A nationwide, multicenter,
retrospective Japanese study reported surgical conversion rates of 26.0%, 45.6%, and 55.7%
at 1, 5, and 10 years post-EBD, respectively [30]; however, this study is based on a large
population of patients undergoing dilation with enteroscopy over dilation of the lower
gastrointestinal tract (181 over 305), with no differential analysis on deep small bowel
strictures. Another prospective, multicenter, Japanese study analyzed EBD through BAE in
95 CD patients, reporting clinical success in 69.5% of the patients, associated with a larger
balloon diameter (15.20 4 1.70 vs. 13.65 £ 2.59 mm, p = 0.03) and with a good safety profile
(5%, all conservatively managed complications) [27]. Furthermore, a systematic review
concluded that dilation of 15 mm or more is a risk factor for perforation [31]; consequently,
the generally recommended final target diameter is 12-15 mm in this setting, despite het-
erogeneous data [32]. Focusing on complications, a systematic review reported incidence
rates of severe bleeding and complications requiring surgery between 1.82% and 3.21%,
while the incidence rate of perforation ranged from 0-10% in several observational stud-
ies [13,27,33]. Possibly due to the increased difficulty and invasiveness of the procedure,
higher complication rates have been observed after enteroscopic EBD compared to EBD for
ileocecal and gastroduodenal stenosis [15,16].

Overall, due to the lack of specific and comparative evidence on EBD efficacy stratified
by stricture localization, these data allow us to affirm that EBD during BAE is comparable
to EBD performed in locations achievable by colonoscopy in terms of short-term safety
and efficacy. This suggests that EBD has a similar efficacy regardless of stricture location.
However, lacking location-specific data, it is still not possible to speculate further, especially
on long-term effectiveness and surgery rates.

4. Endoscopic Electroincision: Stricturotomy and Strictureplasty

In recent years, there has been increasing interest in stricturotomy (ESt) and stric-
tureplasty (ESTx) as alternatives to EBD in the endoscopic management of stricturing CD.
Similar to EBD, these procedures lack standardization in technique and outcome termi-
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nology, possibly delaying their exact placement in the IBD landscape. In 2020, the Global
Interventional Inflammatory Bowel Disease Group provided detailed guidance and sug-
gested the use of “endoscopic electroincision (ES)” as a unique term for techniques utilizing
electrocautery to cut strictured tissue. Electroincision to widen the stenotic lumen (ESt)
can be performed using different needle-knives in radial, horizontal, or circumferential
orientations, with the possibility of endoscopic clipping after the incision to consolidate the
cut with a secondary closure, keeping the lumen wider (ESx) [9]. Endoscopic electroincision
is commonly used for papillotomy in endoscopic retrograde cholangiopancreatography,
with recent data on esophageal and, more recently, biliopancreatic strictures [34-36].

In 2011, Nal et al. published the first case series describing 10 IBD patients with
long, fibrotic ileal-pouch strictures refractory to EBD who were treated with ES [37]; the
same group from the Cleveland Clinic retrospectively evaluated the efficacy and safety of
ES in treating primary and secondary strictures in IBD patients, comparing it with EBD
and ileocolic resection [19-21,38]. The retrospective study included 50 UC patients with
ileal-pouch anastomosis strictures and 35 CD patients (mostly ileocolic anastomosis), with
a total of 127 strictures treated with ES, demonstrating a 100% technical success of the
procedure [38]. In a median follow-up of 0.9 years, 60.6% of strictures required multiple
treatments after the first ES, mostly a subsequent ES (44.9%), an EBD (22.8%), or both
combined (11.0%). The cumulative 3-year surgery-free survival rate was 62.0%. Only
one patient (0.4% per procedure) experienced perforation, and nine patients (3.3% per
procedure) had postprocedural bleeding. The study comparing ES with EBD included CD
patients with anastomotic strictures (85.7% ileocolic). It showed a technical success rate
of 100% in the 21 patients treated with ES and 89.5% in the 164 patients treated with EBD
(p = 0.25) [19]. No significant difference in the need for additional endoscopic treatment
was found between the two groups (p = 0.85). Only two patients (9.5%) in the ES group
required subsequent surgery, compared to 55 (33.5%) in the EBD group (p = 0.03). It should
be noted that the follow-up varied between the two groups, with a median of 0.8 years
(IQR: 0.1-1.6) for the ES group and 4.0 years (IQR: 0.8-6.9) for the EBD group (p < 0.0001).
ES showed a lower risk of perforation than EBD (0% vs. 1.1%), although there were major
concerns about bleeding (8.8% vs. 0%). When compared with ileocolic resection (ICR), ES
showed comparable surgery-free survival in two different retrospective studies. In the first
study on ileocolic anastomosis strictures, 4 out of 35 patients (11.3%) in the ES group and
15 out of 147 patients (10.2%) in the ICR group required subsequent surgery (p = 0.83), with
a median follow-up duration of 0.8 years for the ES group and 2.2 years for the ICR group
(p <0.001) [20]. In the second study on primary distal ileal and ileocecal valve strictures, 2
out of 13 patients (15.4%) in the ES group and 6 out of 32 patients (18.8%) in the ICR group
required subsequent surgery (p = 0.79) [21]. In this case, the median follow-up duration
was comparable: 1.8 years for the ES group and 1.5 years for the ICR group (p = 0.84).
In both studies, ES showed a lower incidence of major adverse events compared to ICR.
Nevertheless, the two groups differed significantly in stricture complexity, with the ICR
group having statistically longer and more symptomatic strictures. Even if the majority
of the strictures treated with ES in the published studies were located in the ileocolic
anastomosis, ES was found to be feasible and safe also for refractory rectal anastomotic
strictures [39].

In the IBD setting, low data on ES efficacy is available. Recently, 24 patients with
endoscopic non-traversable anorectal/anopouch strictures (18 CD and 4 UC patients)
were treated with ES, with a technical success of 100%. However, the mean time to
endoscopic reintervention with subsequent ES of 5.3 months. Over a 12.8-month follow-up,
two patients (8%) required surgical intervention for refractory stricture disease. No 30-day
post-procedure adverse events were reported [40]. ES has been used for deep small bowel
strictures in CD (including both the ileum and the jejunum). A multicenter cohort study
evaluated the efficacy and safety of BAE-assisted ES for treating these strictures in 28 CD
patients with 58 non-passable deep small bowel strictures, resulting in a technical success
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of 96% and a 1-year cumulative surgery-free rate of 74.8% [41]. Finally, ES is a feasible
option for CD-associated anorectal strictures, although evidence is still limited [9].
Overall, ES is a promising procedure for the endoscopic management of stricturing
CD, although a slow learning curve could hinder the widespread use of these techniques.
Two randomized clinical trials (BEST-CD and DESTRESS) are currently underway to com-
pare EBD and ES in terms of clinical success, need for surgery, and safety with 1-year
follow-up in patients with short CD-associated strictures (NCT05521867, NCT05009212).

5. The Graveyard of Endoscopic Techniques: Is There Room for a Second Chance?

The history of the endoscopic treatment of stricturing CD has seen the development
of several techniques, eventually failing to emerge from the overgrowth into clinical prac-
tice for several reasons, including inconsistent clinical trial results, technical difficulties,
invasiveness to the patient, poor reproducibility, limited large-scale applicability, and cost.
Among the most explored, local injection therapy with anti-tumor necrosis factor (anti-TNF)
and endoscopic stents have shown promising results, as well as ongoing novel attempts of
improvement to access the IBD treatment landscape.

5.1. Anti-TNF Intralesional Injection

Anti-TNF injection has shown promise, although this approach has been nearly aban-
doned also in the trial setting. In 2008, a pilot study involving 3 CD patients investigated
local injections of infliximab (IFX) (90-120 mg) into colonic strictures, resulting in clinical
efficacy at 5-8 months in all patients. One patient unresponsive to IFX therapy saw the
complete resolution of the stricture after the first local injection and remained symptom-free
for 5 months after a second injection. Another patient required additional stricture dila-
tion, while the third one needed five injections every four months [42]. Similarly, another
exploratory study from 2014 assessed the efficacy of intralesional injections of 40 mg of
infliximab combined with EBD in EBD-refractory small bowel strictures (either primary
or anastomotic) in 6 CD patients. Five out of 6 patients underwent serial EBD at 0, 2, and
6 weeks, receiving intralesional infliximab injections after each session. All patients showed
a decrease of modified Simple Endoscopic Score for Crohn’s Disease (nSES-CD) by an
average of 3 points (reduction in ulcer size, ulcerated surface area, and disease-affected
surface area of the distal visible part of the narrowed tract) and improved symptoms, with
no adverse effects observed at 6-month follow-up [43]. However, although the authors
specify that all enrolled patients had not been previously exposed to infliximab, they do
not provide information on any concomitant medical therapies the patients might have
been receiving.

A larger, multicenter, randomized, controlled trial on the efficacy of injecting adal-
imumab into intestinal CD strictures is displayed on trialgov, but it was eventually not
published (NCT01986127). While local anti-TNF therapy seems well tolerated, more ex-
tended follow-up and larger randomized controlled clinical trials would be necessary
to establish its potential benefits. The effectiveness could be significant, moving from a
one-time therapy to repeated injection, with anticipated issues concerning quality of life,
invasiveness, and health care costs [42,44].

5.2. Self-Expanding Metal Stents

Self-expandable metallic stents (SEMS) constitute an effective, non-surgical treat-
ment for neoplastic intestinal obstruction, both as a palliative measure and as a bridge to
surgery [45]. SEMS must be fully or partially covered with a plastic film, which prevents
colonization by the intestinal mucosa and allows a smooth, delayed extraction. Loras et al.
conducted an extensive literature review, describing 19 studies for a total of 65 patients.
They identified SEMS as a safe and effective alternative to EBD and surgery for the treat-
ment of short stenosis in CD patients, with possible advantages for complex or longer
(>5 cm) strictures [45]. A retrospective study by the same group, involving 17 CD patients
treated with SEMS for symptomatic refractory colonic and ileocolic anastomosis strictures,
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reported a clinical efficacy rate of 64.7%, with patients remaining free of symptoms for an
average follow-up period of 67 weeks [46]. Migration occurred in 52% of patients, and
there were 4 cases of impaction, with one patient requiring surgery due to proximal stent
migration. Another retrospective cohort study involving five patients with anastomotic
strictures, where uncovered SEMS were placed for an average of 9.7 months, reported an
80% clinical efficacy rate at a mean follow-up of 28 months [47]. The complication rate was
20% (n = 1), and the four patients who did not require re-intervention showed an average
long-term luminal patency of 34.8 months [47]. A prospective cohort study involving
11 patients who received SEMS showed a 60% clinical success rate, with an adverse event
rate of 73% (8/11), of which two patients required surgery related to the procedure, and
six patients experienced stent migration after an average time of 3 days. As a result, it
was concluded that the risk of complications was too high to recommend the routine use
of endoscopic metal stents for CD strictures [48]. In a recent study with 21 CD patients,
SEMS placement and following removal on day 7 resulted in clinical remission in 88%
(14 of 16) of patients during follow-up (3-50 months) [49], with an adverse event rate of
21%, including abdominal pain and asymptomatic stent migration. In a comparative study,
80 CD patients with symptomatic strictures (60% shorter than 4 cm) were randomized
to fully-covered SEMS (39) or EBD (41). Despite a similar safety profile, the stent group
had a significantly higher proportion of patients requiring new therapeutic intervention at
one-year follow-up due to symptoms recurrence (49% vs. 20%) [22]. Notably, the difference
in efficacy between EBD and fully-covered SEMS was not significant for strictures over
3 cm (both treatments achieving nearly 65% success) and primary stenosis (respectively
60% and 70%), with a high migration rate representing a potential limiting factor. Given
the high rate of stent migration, Branche et al. investigated the Hanarostent stent, a partly
covered SEMS with an antimigratory design and an early removal protocol. Following
promising results of an exploratory study in 7 CD patients [50], they conducted a larger
national study with the same device in 46 CD patients (73.9% with anastomotic stricture,
median length of 3.1 £ 1.7 cm). The study observed clinical efficacy in 58.7% of the patients
at 26 months follow-up, with no perforations and only three stent migrations reported
(6.5%) [51]. Comparative research is ongoing with a randomized clinical trial comparing
EBD followed by SEMS placement versus surgical intervention in CD patients with de
novo and primary symptomatic stenosis less than 10 cm long [52].

5.3. Lumen-Apposing Metal Stents

Lumen-apposing metal stents (LAMS) are short, fully covered metal stents with large
flanges at each end to anchor the stent and minimize migration risk [53,54]. Initially de-
signed for draining pancreatic fluid collections, LAMS has been used off-label to manage
short-segment luminal strictures [55,56], with several studies showing promising out-
comes. Regarding CD patients, evidence is limited: In the light of two case reports on
anastomotic strictures showing short-term clinical efficacy and no post-procedural compli-
cations [57,58], Hedjoudje et al. evaluated LAMS for lower gastrointestinal anastomotic
strictures in 28 patients, including 18 with CD-associated anastomotic strictures. Technical
success was achieved in all patients, with clinical efficacy at the last follow-up visit in 85.7%
(24/28) of patients. Among the three patients experiencing adverse events, one patient
missing his 3-month CT scan experienced failed stent extraction 7 months post-placement
and subsequently required surgical resection. Spontaneous asymptomatic stent migration
occurred in 47% (13/28) of patients without recurrent symptoms or significant complica-
tions [59]. Unfortunately, the authors did not provide a separate analysis for the subgroup
of patients with IBD.

5.4. Biodegradable Stents

Considering the high migration rates and the need for follow-up endoscopy for the re-
moval of SEMS, biodegradable stents (BDS) have been developed and primarily evaluated
for esophageal strictures, yielding promising outcomes [60-62]. However, they are not ap-
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proved for bowel strictures. BDS exert a constant radial force for approximately 4-5 weeks
to treat the underlying esophageal disease, while progressive hydrolysis-mediated self-
degradation prevents tissue overgrowth and leads to dissolving within 12 weeks [63]. A
prospective study evaluated polydioxanone monofilament stents, which provide 6-8 weeks
of radial force before degradation, in a cohort of 11 patients with benign small and large
intestinal stenosis naive to EBD [64]. The study showed a technical success rate of 91%,
with no adverse events other than early stent migration in three patients. However, few
studies, mainly case reports and series, have investigated BDS in stricturing CD. Rejchrt
etal. reported successful BDS insertion for small and large bowel stenosis in 10 out of 11 CD
patients, with early stent migration (2 days to 8 weeks) observed in three patients [64].
Karstensen et al. documented the case of a 52-year-old man with CD, successfully treated
with a custom-made biodegradable polydioxanone monofilament stent (15 cm) for a 12 cm
small bowel stricture, remaining symptom-free at 3-month follow-up [65]. However, a
subsequent study by the same group involving six CD patients with intestinal stenosis at
various locations (duodenal bulb, ileocolic anastomosis, afferent limb of a J-pouch, and
sigmoid colon) refractory to EBD and treated with biodegradable stents, reported clinical
success in only one patient. Failures were attributed to mucosal overgrowth in two patients,
stent migration in one patient, and stent collapse in another [66].

6. New Techniques and Future Scenarios for Stenosis and Fibrosis Treatment in IBD
Involving Pathogenesis and Molecular Pathways

Future scenarios for stenosis treatment in IBD are likely to involve a combination of
minimally invasive procedures and targeted therapies. As we improve our knowledge of
fibrosis pathogenesis and stenosis development in IBD, novel therapeutic opportunities are
emerging, combining the identification of new molecular targets with the development of
innovative local delivery systems.

The advent of single-cell transcriptomics has better defined the transcriptional profile
of fibroblasts in CD and ulcerative colitis (UC) [67,68]. Targeting fibroblasts at a cellular
and molecular level has been a promising subject of investigation. For instance, when
adding pirfenidone, an agent approved for treating idiopathic pulmonary fibrosis, to
fibroblasts isolated from patients with stricturing CD, their function and proliferation
are inhibited via downregulation of the transforming growth factor beta 1 (TGFf31) path-
way [69]. Parallelly, several small experimental molecules have been tested as potential
inhibitors of the main molecular pattern of fibrosis, with still inconclusive and inconsistent
results [70,71]. Moreover, stem cell manipulation and administration offer a promising
scenario with a constantly increasing body of evidence. Human adipose-derived mesenchy-
mal stem cells, pretreated in vivo with interferon (IFN)y and kynurenic acid, ameliorate
intestinal injury in a fibrosis rat model [72]. Both prophylactic and therapeutic treatment
with bone marrow-derived mesenchymal stem cells improve fibrosis and reduce collagen
deposition, via interleukin(IL)-1beta, IL-6, and IL-13 downregulation, and IL-10 upregula-
tion [73]. In experimental colitis mice, mesenchymal stem cells can reduce the thickness of
submucosa/muscularis propria, as well as collagen deposition. Furthermore, in human
primary intestinal myofibroblasts mesenchymal stem cells reduce the TGF-f1-induced
fibrogenic activation [74]. Antibodies targeting proteins involved in collagen remodeling
have been identified as a possible therapeutic strategy as well; the inhibition of matrix
metalloproteinase-9 (MMP-9), a type IV collagenase overexpressed in fistulizing and stric-
turing CD, led to reduced collagen deposition in heterotopic xenograft models of intestinal
fibrosis [75]. Among other unexplored therapeutic targets is teduglutide, already approved
for the treatment of short bowel syndrome. Teduglutide has shown a reduction in fibro-
genesis and improved fibrinolysis from the first week after surgery in a murine model
of ileal resection and anastomosis [76,77]. More recently, the anti-fibrogenic effects of
glucagon-like peptide 2 (GLP2) have also been demonstrated in the liver of a murine model
of cholangitis [78].
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Novel biomarkers and pharmacological agents will play a crucial role in enhanc-
ing treatment outcomes, possibly involving novel local delivery systems to allow tissue-
targeted therapy and minimize side effects. Over the past two decades, there was a slow
but consistent understory of research and development of a large number of nanoparticles
(NPs) in IBDs. NPs are polymeric fine units with at least one dimension up to 100 nm, which
can be built to reach an intended target, be detected with a molecular imaging technique
and further engineered to locally deploy a certain agent. They employ several mechanisms
of activation, including charge-mediated targeting, micro-environment-triggered release
targeting, and ligand-mediated targeting [79,80]. Nanomedicine combined with endoscopy
has built up a solid background in ex vivo and in vivo preclinical settings, with minimal
preliminary clinical data concerning esophageal and biliary cancers [79,81,82]. However,
there has been no significant impact on clinical practice, partly due to safety concerns,
heterogeneity of NPs, practical application issues, and variability in study designs. The
dual potential of NPs as drug-eluting and detectable nano vehicles represents an exciting
perspective in IBD, potentially leading to dose-controlled and selective insite bioavailability
of a drug or a therapeutic intervention targeting inflamed mucosa [83], eventually within
strictures. Among intestinal delivery systems, another remarkable product recently devel-
oped is a biocompatible hydrogel amenable to endoscopic application (CoverGel), showing
intriguing preclinical data. In experimental colitis mice, when comparing CoverGel + IFX
versus subcutaneous IFX alone, similar efficacy on inflammation was observed, with
significantly lower levels of antibodies to infliximab in the CoverGel group [84].

7. Conclusions

In the last decades, endoscopy has been engaging stricturing CD as a minimally inva-
sive approach aiming to delay and prevent surgery and promote a superior quality of life.
Although EBD is indeed the standard of care for short strictures, the extensive data available
is burdened by wide variability in dilation technique and study settings, leaving several
unsolved issues mostly concerning long-term outcomes. In this scenario, novel endoscopic
techniques are emerging, with still preliminary conflicting results and active research ongo-
ing. Moreover, the new insight into the molecular patterns of fibrosis paves the way for
future developments, possibly aided by new endoscopic local drug-eluting systems.

More long-term, head-to-head prospective studies are essential to eventually move
endoscopic management out of the gray area between a bridge to surgery and a bowel-
sparing technique.
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Abstract: Background: In recent years, various biomarkers of ulcerative colitis (UC) have emerged;
however, few studies have simultaneously examined the utility of multiple biomarkers for monitoring
disease activity. Additionally, serum leucine-rich alpha-2 glycoprotein (LRG), a new biomarker, may
show a blunt response to anti-TNF antibody therapy. This prospective study explored effective
biomarkers that could monitor disease activity changes in patients with UC. In addition, we examined
the effect of anti-TNF antibody therapy on changes in LRG. Methods: Blood and stool samples were
collected twice from patients with UC: at baseline and at least 8 weeks later. Changes in serum LRG,
interleukin (IL)-6, prealbumin (pre-Alb), high-sensitivity C-reactive protein (hs-CRP), CRP, and fecal
calprotectin (FC) were measured and correlated with changes in disease activity. The relationship
between anti-TNF antibody therapy and LRG levels was also examined in patients with the same
disease activity. Results: Forty-eight patients with UC (96 samples) were analyzed. ALRG and
AIL-6 correlated strongly with the change in the partial Mayo (pMayo) score between the two time
points (ApMayo) (r = 0.686, 0.635, respectively). In contrast, FC and IL-6 were particularly accurate
predictors of clinical remission, and their area under the curves (AUCs) were significantly higher
than that of CRP (AUC: 0.81, 0.76 vs. 0.50; p = 0.001, 0.005). No association was found between the
administration of anti-TNF antibody preparations and the LRG values. Conclusions: Correlations
were found between changes in UC disease activity and LRG, IL-6, pre-Alb, hs-CRP, CRP, and FC.
LRG reflects disease activity during anti-TNF antibody therapy.

Keywords: ulcerative colitis; biomarkers; LRG (leucine-rich alpha-2-glycoprotein); fecal calprotectin;
anti-TNF antibody therapy

1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel disease of unknown etiology
that affects the large intestine. In recent years, various biomarkers of UC have emerged,
making it possible to objectively evaluate disease activity. In the clinical setting of UC, the
measurement of biomarkers has various implications, including estimation of the grade and
severity of mucosal inflammation, measurement of response to therapy, and surveillance
of relapse after induced remission [1]. It is known that individual variations exist in
biomarker levels, even within groups of patients with the same level of disease activity [2].
Therefore, aside from measuring biomarker levels at baseline and during treatment, it
is also important to measure the changes of these biomarkers during the clinical course
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of the disease [2]; this is especially valuable when monitoring for relapse and treatment
response. Even so, no prospective studies have been conducted to simultaneously track
multiple biomarkers in relation to changes in disease activity. It is clinically important to
understand the correlation of disease activity with biomarkers in monitoring the changes
in disease activity; however, such information is currently lacking. For example, the fecal
calprotectin (FC) is an excellent biomarker for determining mucosal healing; however, it
has large numerical variability and may not accurately reflect treatment-induced changes
in disease activity [3,4].

Various biomarkers have been reported to correlate with disease activity in UC. Calpro-
tectin is an inflammation-associated protein that is primarily localized within neutrophilic
cytoplasm, and its presence in stool indicates neutrophil migration into the gastrointestinal
tract during inflammation [5,6]. FC can predict endoscopic activity with high sensitivity [7].
However, it is challenging to utilize this biomarker as a measure of treatment response since
the change in FC levels after treatment initiation is highly variable between individuals [8,9].
Leucine-rich alpha-2 glycoprotein (LRG) is a plasma glycoprotein containing a repeating
sequence of leucine-rich motifs [10]. Inflammatory cytokines, such as tumor necrosis
factor (TNF)-«, interleukin (IL)-13, and IL-6, induce LRG production in the hepatocytes,
neutrophils, and macrophages [11,12]. In recent years, LRG has attracted considerable
attention because of their marked correlation with disease activity in inflammatory bowel
disease (IBD), particularly in UC [13]. IL-6 is a multifaceted mediator that modulates the
intestinal immune system through classical IL-6 signaling or IL-6 trans-signaling [14,15].
Serum IL-6 levels are markedly elevated in patients with active IBD and have been shown
to be positively correlated with disease activity [16,17]. C-reactive protein (CRP) is an
acute-phase protein produced by hepatocytes upon IL-6 stimulation; it is also the most
well-studied inflammatory parameter in patients with IBD [7,18]. However, the sensitivity
of CRP to endoscopic activity in patients with IBD is low [8]. CRP levels are also associated
with high-sensitivity CRP (hs-CRP) and prealbumin (pre-Alb) levels. The hs-CRP assay
can measure values below the detection limit of CRP, and its results are correlated with
disease activity in patients with UC [19,20]. Furthermore, pre-Alb levels are inversely cor-
related with disease activity in patients with IBD [21,22]. Although studies have reported
various useful biomarkers in UC, few have simultaneously analyzed their correlation with
disease activity.

Another factor that has to be taken into consideration is the interaction between
biomarkers. For example, CRP is less likely to be elevated under anti-IL-6 receptor antibody
therapy in patients with rheumatoid arthritis since the release of CRP is affected by IL-6;
therefore, it is not useful for assessing disease activity [23]. Similarly, LRG is induced
by stimuli such as TNF« [12]; therefore, under the administration of anti-TNFax antibody
preparations, which are typical biologics for the treatment of refractory UC, the reactivity of
LRG may be slowed down with a decrease in TNFx. However, there have been no reports
on LRG reactivity in patients with UC receiving anti-TNFx antibody agents.

This prospective study aimed to investigate the correlation of six biomarkers (FC,
serum LRG, IL-6, pre-Alb, hs-CRP, and CRP) with the changes in disease activity in patients
with UC. As a secondary endpoint, we also examined whether serum LRG accurately
reflects disease activity in patients with UC receiving anti-TNFx antibody preparations.

2. Materials and Methods
2.1. Patients

Patients attending the Kinshukai Infusion Clinic between May 2020 and April 2021
were prospectively enrolled. The diagnosis of UC was based on a combination of clinical
presentation, endoscopic findings, histology, and the exclusion of alternative diagnoses.
Biomarker measurements were carried out at two time points; once at baseline and once at
least 8 weeks after the first examination. At each measurement, patients provided blood and
stool samples at the same time. LRG, IL-6, pre-Alb, hs-CRP, and CRP levels were measured
in two blood samples, and FC was measured using two stool samples from the same
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patient. Demographic data, current medications, clinical disease activity, and laboratory
blood data were recorded at the two time points when the samples were collected. Partial
Mayo (pMayo) scores were used to assess clinical disease activity, excluding the endoscopic
subscores [24]. Clinical remission was defined as a pMayo score <2 with each subscore <1.

2.2. Study Endpoints

The primary endpoint was the correlation between the change in clinical activity and
the change in each biomarker at the two time points. The main secondary endpoint was the
diagnostic accuracy of each biomarker for clinical remission. Another secondary endpoint
was the change in serum LRG reactivity with anti-TNF antibody therapy. We compared
LRG values between patients with and without anti-TNF antibody therapy who had the
same level of disease activity.

2.3. Biomarker Measurements

Serum LRG, IL-6, pre-Alb, hs-CRP, and FC levels were analyzed at the laboratory
of LSI MEDIENCE Co., Ltd., Osaka, Japan. Serum LRG levels were measured using a
NANOPIA LRG kit based on the latex turbidimetric method (SEKISUI MEDICAL Co.,
Ltd., Tokyo, Japan). Serum IL-6 levels were measured by chemiluminescent enzyme
immunoassay (CLEIA) using the Quanti Glo Human IL-6 Immunoassay kit (R&D Systems
Inc., Minneapolis, MN, USA). Serum pre-Alb levels were measured by a turbidimetric
immunoassay (TIA) using the N-assay TIA Prealbumin Nittobo (NITTOBO MEDICAL Co.,
Ltd., Tokyo, Japan). Serum hs-CRP levels were measured using nephelometry (N-latex
CRPII; Siemens Healthineers, Osaka, Japan). FC was measured by fluorescence enzyme
immunoassay (FEIA) using Elia Calprotectin 2 (Thermo Fisher Scientific, Tokyo, Japan).
Serum CRP levels were analyzed by an in-hospital laboratory using CHM-4120 (NIHON
KOHDEN Co., Tokyo, Japan).

2.4. Statistical Analysis

Quantitative data were summarized using medians and interquartile ranges (IQR),
while categorical variables were presented as frequencies and percentages. We used the
Wilcoxon signed-rank test to compare non-parametric paired values. To evaluate the
predictive performance of each biomarker for clinical remission, the receiver operating
characteristic (ROC) curves were plotted to calculate the area under the ROC curve. Pear-
son’s test was performed to analyze the correlation between the biomarkers and activity
indices. Statistical significance was set as p < 0.05 (two-sided test). The sample size was
based on previous studies where the correlation between biomarkers and pMayo scores
were assessed [25]. Using a two-sided hypothesis with « = 0.05, we estimated that 46
patients would be required, providing 80% power to detect a moderate correlation (r =
0.4) between biomarkers and pMayo scores [26]. To be conservative, we planned to enroll
48 patients in case of protocol violations or technical difficulties associated with blood
sampling. All statistical analyses were performed using JMP®, Version 15.2.1, SAS Institute,
Inc., Cary, NC, 1989-2021, USA.

3. Results
3.1. Patients” Characteristics

There were 48 patients (24 men and 24 women) with a median age of 43.5 years, a
median disease duration of 12.5 years, and an extent of disease as follows: 30 cases of
total colitis type and 18 cases of left-sided colon type (Table 1). At the first measurement,
treatments included the use of 5ASA preparations in 87.5% of patients, corticosteroids
in 2.1%, azathioprine in 14.6%, and molecularly targeted drugs in 52.1%. At the second
measurement, patients were receiving the same treatments, with the exception of molec-
ularly targeted drugs, which were used in 50% of patients (vs. 52.1% at the previous
measurement). The median pMayo was one (0-3) at the first measurement and one (0-2.3)
at the second measurement. Clinical remission was observed in 35 patients (72.9%) at the
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first measurement and 36 patients (75%) at the second measurement. The median interval
between the two measurements was 60.5 (56-82.5) days.

Table 1. Baseline Demographics and Clinical Characteristics.

Number of Patients n=48
Male/Female, n 24/24
Age, year, median (IQR) 43.5(32.8-52.3)
Duration of disease, year, median (IQR) 12.5 (7-18.3)
UC location; Left side/Extensive, n 30/18
Medications for UC
Aminosalicylates, 1 (%) 42 (87.5)
Azathioprine, 1 (%) 7 (14.6)
Corticosteroids, 1 (%) 1(21)
Anti-TNF-o agents, 1 (%) 17 (35.4%)
(infliximab, adalimumab, golimumab, n (%)) (10/4/3 (20.8/8.3/6.3))
Vedolizumab, n (%) 4(8.3)
Ustekinumab, 1 (%) 1(2.1)
Tofacitinib, n (%) 2(4.2)
Partial Mayo score, median (IQR) 1(0-3)
Clinical remission/non-remission 35/13
WBC, /uL, median (IQR) 6300 (5050-7300)
Hb, g/dL, median (IQR) 13.8 (13.0-15.5)
Albumin, g/dL, median (IQR) 4.5 (4.3-4.6)
CRP, mg/L, median (IQR) 0.05 (0-0.14)

IQR, interquartile range; UC, ulcerative colitis; WBC, white blood cell; Hb, hemoglobin, CRP, C-reactive protein.

3.2. Comparison of Various Biomarkers in Clinical Remission and Non-Remission

A total of 96 samples were used to compare the levels of each biomarker in patients
with clinical remission and non-remission of UC. As shown in Figure 1, three biomarkers
had significantly higher medians in patients with active disease than those in remission:
FC (522 [224-1650] vs. 65.8 [24.6-228.5] nug/g, respectively), LRG (14.2 [10.9-17] vs. 11.1
[9.5-13.4] ug/mL, respectively), and IL-6 (1.29 [1.02-2.09] vs. 0.79 [0.59-1.16] pg/dL). In
contrast, pre-Alb had a significantly lower median in patients with active disease (21.9
[19.5-26] vs. 25 [21.9-29] mg/dL, respectively). The two remaining biomarkers were not
statistically different between patients with active disease and those with remission: CRP
(0.04 [0-0.22] vs. 0.09 [0-0.11] mg/dL, respectively) and hs-CRP (0.076 [0.023-0.283] vs.
0.035 [0.013-0.087] mg/dL, respectively).
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Figure 1. Comparison of each biomarker in patients in clinical remission and those not in remission.
FC, fecal calprotectin; LRG, leucine-rich alpha-2 glycoprotein; IL-6, interleukin-6; pre-Alb, prealbumin;
hs-CRP, high-sensitivity C-reactive protein.
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3.3. Diagnostic Accuracy of Each Biomarker for Clinical Remission

Subsequently, the diagnostic accuracy of each biomarker for the clinical remission of
UC was examined by calculating the optimal cutoff value, sensitivity, and specificity of
each biomarker using ROC curves and comparing the area under the curve (AUC). The
cut-off value of FC was 184 ng/g, with a sensitivity of 84.0% and specificity of 70.4%, while
that of LRG was 13.8 ug/mL, with a sensitivity of 56.0% and specificity of 78.9% (Figure 2).
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0.80
— FC
. LRG
z 0.60 - I8
2 — — — preAlb
I I R o S QT hs-CRP
@ CRP
Y 0.40
0.20
0.00 - T T T T
0.00 0.20 0.40 0.60 0.80 1.00

1-Specificity

Figure 2. Receiver operating characteristic curve of the respective biomarkers for predicting clinical
remission. FC, fecal calprotectin; LRG, leucine-rich alpha-2 glycoprotein; IL-6, interleukin-6; pre-Alb,
prealbumin; hs-CRP, high-sensitivity C-reactive protein.

Only the AUCs for FC and IL-6 were significantly higher than the AUC for CRP.
(AUC:0.81, 0.76 vs. 0.50; p = 0.001, 0.005) (Table 2). In contrast, LRG had moderate accuracy
(AUC = 0.70), which was higher than the AUC of CRP but not significantly (p = 0.105). The
AUC:s for pre-Alb and hs-CRP were low and did not differ significantly from those for CRP
(AUC:0.66, 0.63 vs. 0.50; p = 0.141, 0.333).

Table 2. Analysis by receiver operating characteristic curve of the respective biomarkers for clinical
remission (1 = 96).

Variables AUC (95%CI) p-Value (vs. CRP)
CRP 0.50 (0.36-0.64)
FC 0.81 (0.72-0.90) 0.001
IL-6 0.76 (0.66-0.86) 0.005
LRG 0.70 (0.57-0.83) 0.105
pre-Alb 0.66 (0.54-0.79) 0.141
hs-CRP 0.63 (0.49-0.76) 0.333

AUC, area under the curve; CRP, C-reactive protein; FC, fecal calprotectin; IL-6, interleukin-6; LRG, leucine-rich
alpha-2 glycoprotein; pre-Alb, prealbumin; hs-CRP, high-sensitivity CRP.

3.4. Correlation between Clinical Activity and Each Biomarker

We examined the correlation between the clinical activity of UC and each biomarker
using a total of 96 samples (Table 3) and found that LRG and IL-6 were significantly
correlated with pMayo (r = 0.442 and 0.405, respectively). Levels of hs-CRP, FC, CRP
and pre-Alb showed relatively weak correlations (r = 0.361, 0.354, 0.310, and —0.231,
respectively).
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Table 3. Correlation between clinical activity and each biomarker (1 = 96).

Variables r 4

FC 0.354 0.0004
LRG 0.442 <0.0001
IL-6 0.405 <0.0001
pre-Alb —0.231 0.0238
hs-CRP 0.361 0.0003
CRP 0.310 0.0021

FC, fecal calprotectin; LRG, leucine-rich alpha-2 glycoprotein; IL-6, interleukin-6; pre-Alb, prealbumin; hs-CRP,
high-sensitivity C-reactive protein.

3.5. Correlation between Changes in pMayo Scores at Two Time Points and Change in Each
Biomarker

We examined the correlation between changes in clinical activity and changes in
each biomarker at two time points in the same patients (Figure 3). The pMayo at the
second measurement was lower than that at the first measurement in 12 patients, higher
in 8 patients, and unchanged in 28 patients. ALRG and AIL-6 correlated strongly with
the change in pMayo (ApMayo) (r = 0.686, p < 0.0001 and 0.635, p < 0.0001, respectively).
AFC, Apre-Alb, Ahs-CRP, and ACRP were also correlated with ApMayo but not strongly
(r=10.487, —0.368, 0.483, and 0.407, respectively; p < 0.01). When the correlation coefficient
of ACRP was compared with those of the other biomarkers, those of ALRG and AIL-6
were significantly higher than that of ACRP (p = 0.005, 0.029). In contrast, the correlation
coefficients of AFC, Apre-Alb, and Ahs-CRP were not significantly different from that of
ACRP (p =0.497, 0.787, and 0.497, respectively). These results suggest that LRG and IL-6 in
particular are useful biomarkers for the sensitive detection of changes in disease activity

in UC.
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Figure 3. Correlation between pMayo change and change in each biomarker at two time points.
When the correlation coefficient of ACRP was compared with those of the other biomarkers, those
of ALRG and AIL-6 were significantly higher than that of ACRP: ** p < 0.01, * p < 0.05. FC, fecal
calprotectin; LRG, leucine-rich alpha-2 glycoprotein; IL-6, interleukin-6; pre-Alb, prealbumin; hs-CRP,
high-sensitivity C-reactive protein. The shape of the symbols in the graphs is represented by a
different shape for each ApMayo value.
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3.6. Association between Anti-TNF Antibody Preparations and LRG

To examine whether LRG reactivity was blunted in patients with UC receiving anti-
TNF antibody preparations, we compared LRG values between patients with and without
anti-TNF antibody preparations; this comparison was only made between patients with
the same clinical disease activity (pMayo: 0, 1-2, and >3). No association was observed
between LRG and the administration of anti-TNF antibody preparations in any of the
disease activity groups (Figure 4).

P=0.980 P=0.678 P=0.775
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Figure 4. Comparison of LRG values between patients receiving anti-TNF antibodies and those not
receiving anti-TNF antibodies according to the grade of clinical disease activity. LRG, leucine-rich
alpha-2 glycoprotein; pMayo, partial Mayo score.

In addition, the correlation coefficients between LRG and other biomarkers were
examined to determine whether the presence or absence of anti-TNF agents was associated
with LRG (Table 4). pMayo and FC did not change with anti-TNF antibody administration
(pMayo; anti-TNF (—): 0.470 vs. anti-TNF (+): 0.393, p = 0.66, FC; anti-TNF (—): 0.380 vs.
anti-TNF (+): 0.384, p = 1). These results suggested that the administration of anti-TNF
antibody preparations had no apparent effect on LRG reactivity. In contrast, the correlation
coefficient between hs-CRP and LRG was significantly higher in patients receiving anti-TNF
agents than in those not receiving anti-TNF agents (hs-CRP; anti-TNF (—): 0.593 vs. anti-
TNEF (+): 0.825, p = 0.034). The correlation coefficient between CRP and LRG also tended
to be higher in patients receiving anti-TNF antibody agents (CRP; anti-TNF (—):0.620 vs.
anti-TNF (+):0.827, p = 0.057).

Table 4. The correlation coefficients between LRG and other biomarkers with and without anti-TNF
antibody preparations.

Total Anti-TNF () Anti-TNF (+) Anti-TNF(-)
(n=96) (N =64) (n=32) vs. (+)
r p r p r p P
pMayo 0.442 <0.0001 0.470 <0.0001 0.393 0.026 0.660
FC 0.324 0.001 0.380 0.002 0.384 0.03 1
IL-6 0.257 0.012 0.302 0.015 0.156 0.393 N/A
pre-Alb —0.474 <0.0001 —0.394 0.001 —0.584 0.001 0.271
hs-CRP 0.657 <0.0001 0.593 <0.0001 0.825 <0.0001 0.034
CRP 0.681 <0.0001 0.620 <0.0001 0.827 <0.0001 0.057

LRG, leucine-rich alpha-2 glycoprotein; pMayo, partial Mayo score; FC, fecal calprotectin; IL-6, interleukin-6;
pre-Alb, prealbumin; hs-CRP, high-sensitivity C-reactive protein; anti-TNF, anti-TNF antibody preparation.

4. Discussion

In this study, we searched for biomarkers that could accurately monitor changes
in disease activity in UC. When six biomarkers were prospectively and simultaneously
assessed, LRG and IL-6 were particularly strongly associated with changes in disease
activity. The correlation with changes in disease was stronger for these two biomarkers
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compared with CRP. In recent years, the value of using biomarkers to objectively assess
disease activity in inflammatory bowel disease has gained recognition. LRG is a biomarker
that has recently received attention and has the advantage of being easily measurable in
serum [14]. This is the first prospective study to simultaneously analyze the sensitivity of
various biomarkers including LRG to changes in disease activity. The results of this study
suggest that LRG levels acutely reflect changes in disease activity.

It has been reported that FC values tend to correlate positively with endoscopic
inflammation in patients with clinically remitted UC and are considered useful for moni-
toring relapse during clinical remission because of their high sensitivity to microinflam-
mation [8,27-29]. The present study suggested that FC was able to distinguish clinical
remission and non-remission very accurately; however, it was not very sensitive to changes
in disease activity. Therefore, different biomarkers should be utilized to serve different
clinical purposes.

Certain biomarkers may be undetectable in patients treated with biological agents.
It is known that serum CRP, which is induced by IL-6, is less likely to be elevated in
patients with rheumatoid arthritis who are being treated with anti-IL-6 receptor antibody
preparations [23]. Similarly, since LRG is induced by stimulation from inflammatory
cytokines such as TNFe, IL-13, and IL-6, this study examined whether LRG is less likely to
be detected in patients with UC receiving anti-TNF antibody preparations. No particular
change in LRG reactivity was observed in these patients. These results suggest that LRG is a
useful marker of disease activity even in patients receiving anti-TNF antibody preparations.

Interestingly, LRG was strongly correlated with CRP and hs-CRP, and the correlation
was even stronger in patients receiving anti-TNF antibody preparations. Since the expres-
sion of TNF« is presumably reduced in patients treated with anti-TNF antibodies, and
the correlation between IL-6 and LRG was very weak, these two cytokines (TNFx was
and IL-6) should have a low effect on LRG. IL-6 is the major proinflammatory cytokine
that induces CRP, although IL-1f is also involved [30,31]. These findings suggest that the
reason for the strong correlation between LRG and CRP levels is that IL-1$ is the main
inflammatory cytokine that induces LRG following anti-TNF antibody treatment.

This study has a few limitations. First, colonoscopy was not performed, thus, the
association between endoscopic activity and each biomarker could not be examined. One
of the major benefits of biomarkers in UC is that they can be used to estimate mucosal
inflammation without colonoscopy. Clinical disease activity cannot accurately reflect the
disease state on its own; however, since mucosal inflammation was not assessed in this
study, only clinical disease activity was taken into consideration when assessing biomarkers.
Second, due to the small number of cases, it was not possible to compare the diagnostic
accuracy between biomarkers and investigate which biomarkers are more useful. Third,
of the 48 patients enrolled, pMayo changed in only 20 patients. The presence of many
unchanged cases may have weakened the correlation analyses; however, we also included
the unchanged cases in the analysis, bearing in mind that the biomarker values varied
slightly, even in cases where pMayo did not change. Fourth, this was a cross-sectional
study of patients with UC in an outpatient setting, and patients with active disease who
required hospitalization were not enrolled. Fifth, the study cohort consisted of patients
regardless of their treatment timing. Sixth, biomarkers are expensive to measure, and their
use in routine practice may be limited.

5. Conclusions
Correlations were found between changes in UC disease activity and LRG, IL-6, pre-

Alb, hs-CRP, CRP, and FC. The LRG reflects disease activity in patients with UC receiving
anti-TNF antibody agents.
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Abstract: The neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), monocyte-
to-lymphocyte ratio (MLR), and the systemic immune-inflammatory index (SIRI, neutrophils x mono-
cytes/lymphocytes) have been identified as potential inflammatory biomarkers. In this work we
aimed to analyze whether the hematological composite scores differ between inflammatory bowel dis-
ease (IBD) patients and healthy controls, and if they are related to disease activity. A total of 197 IBD
patients—130 Crohn’s (CD) disease and 67 ulcerative colitis (UC)—and 208 age- and sex-matched
healthy controls were enrolled. C-reactive protein and fecal calprotectin were assessed. Multivariable
linear regression analysis was executed. After adjustment, NLR and PLR, but not SIRT and MLR, were
significantly higher in IBD patients compared to controls. C-reactive protein and SIRI and NLR were
correlated in IBD patients. However, fecal calprotectin was not related to any of these blood scores.
Furthermore, disease activity parameters were not associated with any of the blood composite scores
in both CD and UC patients. In conclusion, NLR and PLR, but not SIRI and MLR, are independently
higher in IBD patients compared to controls. However, the four hematological scores are not related
to disease activity in either CD or UC patients. Based on these results, blood-based inflammatory
scores may not serve as subrogated biomarkers of disease activity in IBD.

Keywords: inflammatory bowel disease; systemic immune-inflammatory index; hematological

inflammatory scores

1. Introduction

The Systemic Inflammation Response Index (SIRI) is a novel prognostic marker that
relies on the relative proportions of peripheral neutrophils, monocytes, and lymphocytes,
calculated by multiplying the neutrophil count by the monocyte count and then dividing
by the lymphocyte count [1]. This score is part of the group of other hematological scores
previously described, such as the neutrophil-lymphocyte ratio (NLR) [2], the platelet-
lymphocyte ratio (PLR) [3], and the lymphocyte-monocyte ratio (LMR) [4]. These are
regarded as markers of inflammation because white blood cells and platelets are typically
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present in acute and chronic inflammatory settings, where they release cytokines, proteases,
angiogenic factors, and chemokines [5]. In recent years, these scores have generated
interest and have gained relevance because they have been described as relating to or
predicting certain outcomes in chronic inflammatory, autoimmune [6-8], and cardiovascular
diseases [9], as well as in cancer [10] or infections [11].

Inflammatory bowel disease (IBD) comprises two main disorders: ulcerative colitis
(UC) and Crohn’s disease (CD). While UC affects the colon, CD can affect any component
of the gastrointestinal tract from the mouth to the perianal area. Both are considered
inflammatory conditions characterized by relapsing and remitting episodes. Inflammation
in UC is limited to the mucosal layer of the colon whereas CD is characterized by transmural
inflammation and by skip areas of involvement. Recent findings indicate that subjective
assessments of disease activity in IBD may be misleading [12]. Moreover, while objective
inflammation markers are closely linked to significant long-term results, they frequently
necessitate invasive and costly procedures like ileocolonoscopy and cross-sectional imaging
techniques involving computed tomography or magnetic. For this reason, in practice,
serum or fecal markers such as C-reactive protein (CRP) and fecal calprotectin are used as
measures of intestinal inflammation. However, they are not specific for IBD [13,14], cut-off
points have not been defined for both that determine activity [15,16], and their diagnostic
or predictive capacity for relapse is doubtful [17-19]. For this reason, the challenge persists
for locating inflammation markers that are more precise, sensitive, and adaptive, with the
aim of enhancing IBD management.

In the present work we sought to determine if blood composite scores differ between
IBD patients and controls. In a second step, we aimed to analyze whether these scores
are related to acute phase reactants, fecal calprotectin or specific disease activity scores in
patients with IBD, including UC and CD. If these scores were related to the activity of the
disease, they could be proposed as surrogate biomarkers of the disease and, perhaps, be
used as such in clinical practice.

2. Materials and Methods
2.1. Study Participants

A cross-sectional study was conducted, involving 197 consecutive patients diagnosed
with IBD and 208 age-matched controls, all of whom were 18 years of age or older. IBD
individuals were under the care of gastroenterologists and received periodic follow-ups
at gastroenterology outpatient clinics. Inclusion criteria were a diagnosis of IBD based on
clinical, endoscopic, and histological criteria with a disease duration of >1 year. Exclusion
criteria for both groups included a history of cancer, any other inflammatory or autoimmune
chronic disease, or evidence of active infection (because this could lead to upregulation of
different blood cell types). The control group consisted of individuals from the community
recruited by general practitioners in primary health centers. The study protocol was
approved by the Institutional Review Committees at Hospital Universitario de Canarias
and Hospital Universitario Nuestra Sefiora de La Candelaria, both located in Spain, and all
participants provided written informed consent (approval no. CHUC_2019_103). Research
involving human subjects adhered to the principles of the Helsinki Declaration.

2.2. Data Collection

Questionnaires regarding clinical history were conducted in both IBD patients and
control groups to evaluate cardiovascular risk factors and medication usage. Hyperten-
sion was characterized as having a systolic blood pressure exceeding 140 mmHg or a
diastolic blood pressure exceeding 90 mmHg. Disease activity in patients with CD was
determined using two measures: the Crohn’s Disease Activity Index (CDAI) and the
Harvey-Bradshaw Index (HBI) [20]. Disease activity in UC was calculated through the
partial Mayo Clinic score [21]. Dyslipidemia was determined based on meeting one or more
of the following criteria: total cholesterol exceeding 200 mg/dL, triglyceride levels exceed-
ing 150 mg/dL, HDL-cholesterol lower than 40 mg/dL in men or less than 50 mg/dL in
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women, or LDL-cholesterol surpassing 130 mg/dL. Hematological composite scores were
computed as follows: neutrophil-to-lymphocyte ratio (NLR) = neutrophils/lymphocytes;
monocyte-to-lymphocyte ratio (MLR) = monocytes/lymphocytes; platelet-to-lymphocyte
ratio (PLR) = platelets/lymphocytes; systemic inflammation response index (SIRI) = neu-
trophils multiplied by monocytes, divided by lymphocytes. Neutrophils, monocytes,
lymphocytes, and platelets were measured per 1000 cells/ L, except for platelets, which
were measured per 100,000 cells/uL. Information regarding the therapies used in the dis-
ease was collected including the use of mesalazine, prednisone (as binary or mg/day),
azathioprine and methotrexate, and biological therapies.

2.3. Statistical Analysis

In a previous work by our group, 430 patients with rheumatoid arthritis had a SIRI
value of 1.22 £ 0.81 [8]. We have estimated that we would expect to find a difference in
patients with IBD of 0.1. Thus, assuming an alpha error of 0.05 for a power of 80% and for
an allocation between groups of 1:1, 194 subjects per group would have to be recruited.
Demographic and clinical characteristics were presented as frequencies for binary variables.
Continuous variable data were expressed as either mean + standard deviation (SD) or as a
median and interquartile range (IQR) for variables that did not follow a normal distribution.
To assess univariate differences between patients and the control group, various statistical
tests were employed, including Student’s t-test, the Mann—-Whitney U-test, the chi-squared
test, or Fisher’s exact test, depending on factors like distribution normality or sample
size. Differences between IBD patients and controls in terms of hematological scores were
examined using multivariable linear regression analysis, with the control group as the
reference category. Confounding variables were selected from demographic factors and
traditional cardiovascular risk factors if their p-values were less than 0.20 in the univariate
analysis comparing patients and controls. All statistical analyses were carried out utilizing
Stata software, version 17/SE (StataCorp, College Station, TX, USA), and a significance
level of 5% was adopted for two-sided tests. A p value of less than 0.05 was considered
indicative of statistical significance.

3. Results
3.1. Demographics and Disease-Related Data

A total of 197 IBD patients and 208 sex-matched controls with a mean + SD age of
49 + 10 and 50 + 15 years, respectively, were included in this study. Demographic and
disease-related characteristics of the participants are detailed in Table 1. The body mass
index was higher in controls than in IBD patients (27 & 5 vs. 29 & 4 kg/m?, p < 0.001). No
significant differences were observed in smoking prevalence or dyslipidemia, but a higher
proportion of controls had diabetes and hypertension. Among the patients, 66% had CD,
and 32% had UC. The median disease duration for IBD was 12 years (IQR 8-19). In patients
with CD, the predominant phenotypes were ileal and non-stricturing, non-penetrating. The
median CDAI score was 39 (IQR 7-80), and 89% of the patients were classified as being in
asymptomatic remission. Similarly, the Harvey—Bradshaw Index had a median score of
2 (IQR 0-4), with 82% of patients in the remission category based on this index. For UC,
52% had experienced pancolitis, and 78% had a partial Mayo score of less than 2 points.
Further details concerning disease-related data can be found in Table 1.
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Table 1. Characteristics of patients with inflammatory bowel disease and controls.

Controls IBD Patients
(n =208) (n=197) P
Age, years 50 £15 49 £10 0.25
Female, n (%) 124 (59) 107 (54) 0.28
Body mass index, kg/ m?2 29 +4 27 +5 <0.001
Abdominal circumference, cm 93 +8 94 + 12 0.49
Cardiovascular co-morbidity
Smoking, n (%) 45 (22) 39 (20) 0.65
Diabetes, n (%) 29 (14) 11 (6) 0.004
Hypertension, n (%) 63 (30) 35 (18) 0.003
Dyslipidemia, n (%) 190 (77) 157 (80) 0.53
Obesity, n (%) 57 (27) 55 (28) 0.91
Statins, n (%) 47 (23) 21 (11) 0.001
IBD related data
Ulcerative colitis, n (%) 67 (34)
Crohn’s disease, n (%) 130 (66)
Disease duration since diagnosis, years 12 (8-19)
CRP, mg/L 2.0 (1.0-4.8) 1.8 (0.9-3.8) 0.30
Ulcerative Colitis related data, n (%)
Partial Mayo score 1(0-1)
<2 52 (78)
>2 15 (21)
Pancolitis 34 (52)
Left-sided colitis 23 (35)
Proctosigmoiditis 7 (10)
Crohn’s Disease related data, n (%)
Al below 16 years 19 (15)
A2 between 17 and 40 years 81 (62)
A3 above 40 years 27 (21)
B1 non-stricturing, non-penetrating 73 (56)
B2 stricturing 46 (35)
B3 penetrating 14 (11)
L1 ileal 56 (43)
L2 colonic 23 (18)
L3 ileocolonic 51 (39)
L4 isolated upper disease 11(8)
Harvey-Bradshaw Index 2 (0-4)
Clinical remission 106 (82)
Mildly active disease 14 (11)
Moderately active disease 8 (6)
Severely active disease 1(1)
CDALI score 39 (7-80)
Asymptomatic remission 116 (89)
Mildly to moderately active Crohn disease 10 (8)
Moderately to severely active Crohn disease 3(2)
Severely active to fulminant disease 0(0)
Fecal calprotectin, mcg/g 113 (30-251)
>150 96 (49)
>150 71 (36)
Perianal disease, n (%) 23 (12)
Previous surgery, n (%) 55 (28)
Oral mesalazine, n (%) 175 (89)
Prednisone, mg/day 8 (5-20)
Current prednisone, n (%) 6(2)
Methotrexate, n (%) 22 (11)
Azathioprine, n (%) 61 (31)
Anti-TNF therapy, n (%) 58 (29)
Ustekinumab, n (%) 8 (4)
Vedolizumab, n (%) 5(3)
Tofacitinib, n (%) 4(2)

Data represent mean £ SD or median (interquartile range) when data were not normally distributed. BMI:
body mass index; CRP: C reactive protein; TNF: tumor necrosis factor. CDAI was categorized as 0 to 149:
asymptomatic remission; 150 to 220 points: mildly to moderately active; 221 to 450 points: moderately to severely
active; 451 to 1100 points: severely active to fulminant disease. The Harvey-Bradshaw Index was categorized as
0 to 4 points: clinical remission; 5 to 7 points: mildly active disease; 8 to 16 points: moderately active disease;
17 to 100 points: severely active disease. Dyslipidemia was characterized by meeting any of the following
criteria: total cholesterol exceeding 200 mg/dL, triglyceride levels surpassing 150 mg/dL, HDL-cholesterol below
40 mg/dL in men or under 50 mg/dL in women, or LDL-cholesterol exceeding 130 mg/dL. Significant p values
are depicted in bold.
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3.2. Differences between Patients and Controls in Hematological Count Cells and Scores

Red cell, leucocyte and platelet count differences between patients with IBD and
controls are shown in Table 2. Regarding red blood cells, although hemoglobin and
hematocrit values did not differ between both groups, the mean corpuscular volume and
the mean corpuscular hemoglobin were higher, and the mean corpuscular hemoglobin
concentration was lower in IBD patients compared to controls after multivariable analysis.
Furthermore, lymphocytes, eosinophils, and basophils were significantly lower in IBD
patients compared to healthy controls after adjustment for covariates. However, platelets
and the mean platelet volume did not show differences between patients and controls
(Table 2). Regarding composite hematological scores, after multivariable analysis, NLR and
PLR were higher in patients with IBD than in controls. This difference was not observed
for SIRI and MLR. Similar results were found when this analysis was performed separately
in patients with CD and UC (Supplementary Table S1). In this regard, NLR and PLR, but
not SIRI or MLR, differed between patients with CD and healthy controls. Additionally,
only PLR, but not SIRI, NLR or MLR, disclosed significant differences between patients
with UC and healthy subjects (Supplementary Table S1).

Table 2. Multivariable analysis of the differences between patients and controls in hematological
count cells and scores.

Controls IBD Patients
(n =208) (n =197) 4 Beta Coef. (95%CI) r
Univariable Multivariable
Red blood cells, x10°/mm? 4.76 & 0.49 4.67 +0.47 0.056 —0.09 (—0.19-0.01) 0.076
Hemoglobin, g/dL 140+ 15 140+ 15 0.77
Hematocrit, % 429 +4.1 42.7 £39 0.63
Mean corpuscular volume, fL 90.3 + 5.8 91.7 + 5.6 0.011 1.6 (0.5-2.8) 0.006
Mean corpuscular hemoglobin, pg 29.6 + 2.5 30.3 2.6 0.003 0.8 (0.3-1.3) 0.003
Mean corpuscular hemoglobin 327 +£1.2 30.9 + 5.8 <0.001 —1.6 (—2.5-(—0.8)) <0.001
concentration, g/dL
Leucocytes/mm? 7480 + 1941 7003 + 2079 0.019 —292 (—701-118) 0.16
Neu’(rophils/mm3 4154 + 1504 4139 + 1615 0.92
Lymphocytes/mm3 2427 + 827 2037 + 835 <0.001 —339 (—509-(—169)) <0.001
Monocytes/mm? 600 4+ 171 584 4 249 0.48
Eosinophils/mm3 245 + 176 196 + 169 0.005 —44 (—80—(—38)) 0.016
Basophils/mm3 50 + 26 43 4+ 25 0.006 —6 (—11-(—1)) 0.027
Platelets x103/mm3 263 £ 59 270 + 69 0.27
Mean platelet volume, fL 10.2 £ 0.9 102 +£1.0 0.69
Composite hematological scores
Systemic lnﬂ(asnl‘fgl‘;‘zoféfefp onse index 1.23+1.20 1.36 & 0.94 0.26
Neutrophil-to-lymphocyte ratio 1.99 + 1.57 2.32 £ 1.24 0.022 0.3 (0.03-0.6) 0.033
Monocyte-to-lymphocyte ratio 0.29 £ 0.23 0.34 £ 0.38 0.085 0.05 (—0.01-0.1) 0.13
Platelet-to-lymphocyte ratio 125 + 79 156 + 80 <0.001 27 (11-44) 0.001

In the multivariable analysis controls is considered the reference category. IBD: Inflammatory bowel disease.
Multivariable analysis is adjusted for body mass index, diabetes, hypertension, and statins intake. Significant
p values are depicted in bold.

3.3. Relationship of C-Reactive Protein, Fecal Calprotectin and Disease Activity Scores to
Composite Hematological Scores

The relationship between CRP, fecal calprotectin and disease activity scores with
composite blood-based scores is shown in Table 3. While CRP and SIRI and NLR were
significantly and positively correlated, no relationship was found between CRP and MLR
and PLR. Remarkably, fecal calprotectin did not disclose association with any of the hema-
tological scores. In addition, concerning disease activity scores, CDAI score and Harvey-
Bradshaw index, that correspond to CD, were not related to any composite blood scores.
Similarly, partial Mayo score, that represents UC disease activity, was not significantly
associated with the hematological scores (Table 3).
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4. Discussion

In the present study we have analyzed four hematological scores, which have shown
a relationship with certain outcomes in cancer, autoimmune, cardiovascular and inflam-
matory diseases, in a large series of patients with IBD. Based on our findings, NLR and
PLR were significantly higher in IBD patients but this was not the case for SIRI and MLR.
However, none of them showed a relationship with markers of systemic inflammation,
fecal calprotectin or activity scores of both UC and CD.

In a previous work that evaluated SIRI in 87 patients with UC, patients were divided
into active and non-active disease groups based on the Mayo score. In that study, SIRI was
discovered to be superior in patients with active disease compared with UC in remission,
and correlated with CRP [22]. Similarly, in a report of 187 patients with UC and 185 age-
and sex-matched controls, higher SIRI levels were observed in moderate and severe UC
subgroups compared to mild or remission subgroups [23]. Moreover, correlation analysis
displayed that the SIRI levels were positively related with the Mayo score. This correlation
maintained its significance after multivariable analysis. Similar findings were found in
a work in 167 patients with UC and 106 controls [24]. SIRI significantly augmented in
patients with UC and was closely correlated with the Mayo clinical score, Mayo endoscopic
score, and Nancy histological index.

Regarding other blood-based scores, NLR and PLR have been found to be significantly
elevated in UC subjects compared to controls in a report of 187 consecutive patients with
UC and 185 age- and sex-matched healthy controls [23]. Similarly, in a work of UC patients
in which 151 were active, and 36 in remission, NLR and PLR were significantly higher in
the active group [25].

Few studies have assessed composite hematological scores in CD. In this regard, in a
report of 44 patients with active CD, 66 patients with inactive CD, and 55 healthy blood
donors, NLR values were found to be elevated in active CD compared to inactive CD
patients plus controls, but no statistical differences were found between the active and
inactive CD groups [26]. In contrast, in a report of 24 active and 25 inactive CD patients,
the NLR was found to be higher in the active group [27].

Regarding MLR, a recent systematic review and meta-analysis that included nine
studies found that MLR values were significantly higher in active IBD patients as compared
to those under remission being these results consistent in both UC and CD patients with
active disease [28]. However, our study does not support these previous findings. It should
be noted that our sample size allowed us to perform multivariable analysis. Furthermore,
the characterization of our series of patients has been broader than in previous works. On
the other hand, in the studies discussed above, disease activity was generally dichotomized.
In this regard, in our work we evaluated the scores in a continuous and binary manner.
Moreover, it is important to take into account that the majority of patients from our series,
both in UC and CD, had low disease activity. This would support the fact that these scores
are not valid to measure disease activity in patients when the disease is under control.

In our study we found that patients with IBD had a BMI in the overweight range but
significantly lower than controls. This is in line with previous studies in which it has been
described that patients with IBD have lower BMI values compared to controls [29]. This is
believed to be due to the inflammatory activity of the disease. However, we believe this
fact may have not affected our results since the differences in hematological scores between
patients and controls were adjusted for this BMIL

We acknowledge the limitation that for UC subjects, partial Mayo score and not
complete Mayo score was available for these patients. Furthermore, the cross-sectional
design of our work prevents concluding causality. Additionally, patients with IBD may
present hematological disruptions caused by certain therapies used in the disease such as
methotrexate or azathioprine.
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5. Conclusions

In conclusion, the SIRI, NLR, MLR and PLR hematological-based scores are not
appropriate for the monitoring of disease activity in patients with IBD that are in the range
of low or moderate activity.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jem12237248 /51, Table S1: Univariable analysis of the differences
between patients with Crohn’s disease and ulcerative colitis and controls in hematological count cells
and scores.
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Abstract: Background: The rates of clinical and biochemical responses in Crohn’s disease (CD)
patients treated with intravenous (IV) ustekinumab (UST) intensification are scarcely described.
Methods: Patients with diagnosis of CD who were under intensified IV ustekinumab treatment
(130 mg every 4 weeks) were retrospectively included, evaluating the clinical and biochemical re-
sponse 12 weeks after the change in treatment regimen (switch from SC to IV), as well as the serum
levels of the drug. Results: Twenty-seven patients, all of whom had transitioned to intensified
intravenous ustekinumab treatment due to a secondary loss of response to the drug, were included
in the retrospective analysis. At the baseline visit, prior to changing IV UST, differences in levels
were observed between intensified and non-intensified patients (7216 vs. 2842 ng/mL, p = 0.00005).
However, no significant differences were found between these two groups 12 weeks after IV intensi-
fication (7949 vs. 7937 ng/mL; p = 0.99). In patients with previous intensified UST SC, a decrease
in fecal calprotectin was observed 12 weeks after starting IV intensification, going from a mean of
1463 ug/g to 751 ug/g, although the differences were not significant (p = 0.14). Conclusion: In our
experience, intensifying treatment with IV UST leads to clinical and biochemical improvements in
CD patients with a secondary loss of response to SC maintenance with this drug, and an increase in
drug levels was observed 12 weeks after IV UST intensification.

Keywords: Crohn’s disease; ustekinumab

1. Introduction

In recent years, we have witnessed a rapid development in the therapeutic arsenal for
the management and treatment of inflammatory bowel disease (IBD).

The first anti-TNF drugs were introduced in 2002 and remain a fundamental pillar
for the treatment of our patients, being the most commonly used biological drugs. More
recently, other biologicals with different therapeutic targets have been approved for use,
such as Vedolizumab (an anti-integrin drug) or ustekinumab (anti-IL-12 and IL-23) [1].

Undoubtedly, this variety of treatments has expanded our treatment options, achieving
better control of the disease with higher response rates and achieving deep remission in
most of our patients.

However, the options to optimize biological treatments when there is a loss of re-
sponse to the medication, that is, the intensification guidelines, are not clearly established,
especially when we refer to more recent drugs such as ustekinumab or vedolizumab [2].

Ustekinumab is recommended in Crohn’s disease for patients who have had an
inadequate response, a had loss of response, or are intolerant (mainly due to the occurrence
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of adverse effects) to conventional treatment or anti-TNF, or where there are medical
contraindications. It has shown the ability to induce and maintain remission in some
patients, reducing the symptoms and intestinal inflammation associated with the disease.

In other words, ustekinumab is proposed as a second-line biological treatment after
anti-TNF failure (or first-line treatment if there is a contraindication to the immunomodula-
tory or anti-TNF treatment) [3]. However, in real-life studies [4], most of the patients treated
with ustekinumab have previously failed an anti-TNF or even two or three biologicals.
Despite that, the clinical response to Ustekinumab stands at around 50% by week 52, with
clinical remission rates reaching up to 39%.

This means that patients receiving ustekinumab are often refractory to treatment [4]
and in a scenario where therapeutic alternatives are more limited. This probably translates
into a greater need for treatment intensification.

In a recent review that included a network meta-analysis [5], drugs targeting IL-23
(ustekinumab and risankizumab) were identified as a potentially more effective strategy in
patients with previous exposure to TNF antagonists.

The need to intensify ustekinumab for Crohn’s disease arises primarily due to the
loss of response to the drug. Over time, some patients might experience reduced effec-
tiveness or diminished response to the standard dosage of ustekinumab. In such cases,
intensifying the treatment involves increasing the dose or frequency of ustekinumab ad-
ministration to regain a better therapeutic response and effectively manage the symptoms
of Crohn’s disease.

Evidence on the usefulness of treatment intensification comes from some real-life
studies, in which benefits have been reported by shortening the regimen every 4 weeks
and, even in some cases, every 3 weeks or even with an individualized regimen according
to experience [6].

In previous studies in real life [7], it has been observed that after intensifying the
subcutaneous ustekinumab regimen to 90 mg every 4 weeks, remission rates of up to 31%
and clinical response rates of 61% are achieved.

Likewise, previous studies have explored the effectiveness of reinduction with in-
travenous ustekinumab (to subsequently continue with the subcutaneous regimen). A
significant decrease in the Harvey Bradshaw index has been identified (reduction by
2.4 points (p = 0.0034)) [8]. Similarly, with the intensified regimen performed subcuta-
neously every 4 weeks, not only an improvement in the clinical indices has been observed,
but also a biochemical response, especially in those patients with greater underlying in-
flammatory activity.

However, not all patients achieve a response after shortening the administration
interval [9], so it is necessary in the management of our patients to explore other alternatives
for drug intensification, such as intravenous drug transfer.

The proactive determination of biological drug levels in IBD, although yielding con-
troversial results in previous studies, seems to be associated with better disease control and
improved long-term outcomes. However, this correlation between drug levels and efficacy
has been established with antiTNF drugs, not with other biological medications.

However, monitoring ustekinumab levels in the blood in the treatment of CD [10]
can help to determine the appropriate amount of medication needed to control disease
symptoms and maintain long-term remission. Therefore, the interpretation of these lev-
els may vary depending on the patients, and, currently, the therapeutic range has not
been established.

The objective of our study is to analyze the clinical response, biochemical response, and
endoscopic/ultrasound improvements after intensifying treatment with an intravenous
regimen every 4 weeks. Likewise, the goal is to determine the change in drug levels in
the blood after switching from ustekinumab to intravenous maintenance treatment and
ultimately establish if there is a relationship between drug levels and drug efficacy.

104



J. Clin. Med. 2024, 13, 669

2. Material and Methods

A study was conducted where patients with a previously established diagnosis of
Crohn’s disease, undergoing treatment with intensified intravenous ustekinumab every
4 weeks, were retrospectively included. At our center, the cost of intravenous ustekinumab
is lower than the subcutaneous form. Therefore, for those patients undergoing drug
intensification every 4 weeks in clinical practice, there was a switch to the intravenous form
of the medication.

Only those with stable follow-up in the IBD unit of Hospital La Paz were chosen, so it
was possible to retrospectively assess the evolution and response to treatment.

Data related to patients’ baseline characteristics were collected. Likewise, data related
to the patients’ previous pharmacological and surgical treatment for their IBD, as well as
the previous ustekinumab regimen (start date, dose, and regimen), were included.

Clinical activity was assessed before switching to intravenous treatment, 12 weeks
after the switch, and at the end of follow-up. The follow-up time was calculated from the
date of the switch to intravenous treatment with ustekinumab every 4 weeks until the date
of the last appointment. Clinical response was considered as a decrease in the Harvey
Bradshaw score (HBI) [11] of >3.

Biochemical response was also assessed, as well as fecal calprotectin and C-reactive
protein in blood, prior to the change to intravenous ustekinumab (considering the baseline
level) and 12 weeks after the change to intravenous.

Finally, in those patients in whom it was available, endoscopic and radiological
activities were investigated using intestinal ultrasound prior to the change to intravenous
(baseline) and 12 weeks after it. Given the retrospective nature of the study, with the
possible difficulty of having a baseline endoscopic and/or radiological study, examinations
performed in the 6 months prior to the intravenous intensification of ustekinumab were
included, provided that there were no clinical or treatment changes in this period. To
assess the endoscopic response, the SES-CD index was used [11], considering remission <3
points.

As per usual clinical practice, in our center, trough levels of the drug (ustekinumab)
are requested prior to each administration. Levels were assessed prior to switching to
intravenous treatment (considering this as baseline levels) as well as after 12 weeks of the
intensified regimen.

A descriptive analysis of the baseline characteristics and those related to their IBD was
performed. For continuous variables, the mean and standard deviation were calculated; for
the categorical, the percentages and 95% confidence intervals were calculated. Provided
that the variables have a normal distribution (verified using the Shapiro-Wilk test), the
categorical variables were compared using the c2 test, and the quantitative variables using
the Student’s T test. Otherwise, the corresponding non-parametric test was applied. A
value of p < 0.05 was considered statistically significant. The analysis was carried out using
Stata version 16 for Mac.

3. Results

A total of 27 patients with Crohn’s disease receiving intensified treatment with ustek-
inumab, 130 mg intravenously every 4 weeks, were retrospectively included. All of them
had undergone previous treatment with UST SC. Among them, five patients (18.5%) were
receiving concomitant treatment with azathioprine.

Baseline and IBD-related characteristics of the included patients are summarized in
Table 1.

Regarding previous treatment received by the patients, 4/27 (14.8%) were under
treatment with UST on the first line, 10/27 (37%) on the second line, and 9/27 (33.4%) on
the third line; 4/27 (14.8%) had failed three biologicals. The median number of previous
biologicals was 2, IQR: 1-2.

The reason for intensification with IV UST was the secondary loss of response in all in-
cluded patients, seven of whom (25.93%) were found in the context of post-surgical recurrence.
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Table 1. Patient baseline characteristics.

Variables Number of Patients, %
Women Men
Sex
(12) 44.4% (15) 55.5%
No Yes Former smoker
Tobacco
(16) 59.3% (6) 22.2% (5) 18.5%
No Yes
Extraintestinal manifestations
(22) 81.5% (5) 18.5%
L1 L2 L3 L4
Location (Montreal) (18) 3)
66.6% (0), 0% (6), 22.2% 11.1%
B1 B2 B3
Phenotype (Montreal)
(6) 22.2% (15) 55.5% (6) 22.2%
No Yes
Perianal involvement
(18) 66.7% (9) 33.3%
No 1 2 3
Previous surgeries (18)
66.6% (4), 14.8% (4), 14.8% (1), 3.7%
X . . No Yes
Concomitant immunosuppression

(22), 81.4% (5), 18.5%

It should be noted regarding the subcutaneous regimen prior to switching to intra-
venous that 10 patients (37.03%) were already under treatment with intensified SC UST
(9 patients every 4 weeks and 1 patient every 6 weeks), while the remaining 17 patients
(62.96%) were under treatment with a standard schedule of SC UST every 8 weeks.

No adverse effects related to the use of intravenous ustekinumab were observed
during the study.

When assessing the clinical activity of the included patients, 70% (19 patients) had
baseline activity (HBI > 5), with no clinically or statistically significant changes at 12 weeks
of treatment and at the last follow-up visit (70%, 67%, respectively). However, if we
consider the severity of the clinical activity, it is noteworthy that 10 patients (37%) had
severe baseline activity (HBI > 9), decreasing to 14.8% (4 patients) 12 weeks after switching
to intravenous and 11% (3 patients) at the end of follow-up Figure 1.

Among the 17 patients without prior intensified treatment before the switch to intra-
venous, baseline activity was mild in 26.7%, moderate in 26.7%, and severe in 6.6%. In
this group, at 12 weeks after the intravenous intensification, mild activity was observed in
60%, 13.3% had moderate activity, and no patient exhibited severe activity. However, these
differences did not reach statistical significance.

Overall, taking into account all the patients, a reduction in fecal calprotectin levels
was observed at 12 weeks (463 vs. 272.5 ug/g), p = 0.08 Figure 2.

In patients with intensified sc UST, fecal calprotectin decreased 12 weeks after starting
IV intensification, from a mean of 1463 to 751 ug/g, although the differences were not
statistically significant (p = 0.14).

Likewise, a reduction in CRP was detected after 12 weeks of IV treatment (6.6 vs.
4.1 mg/L), although statistical significance was not reached (p = 0.3).

A significant increase in ustekinumab levels was observed 12 weeks after intensify-
ing intravenous treatment and shortening the regimen (in those patients who initiated
treatment with ustekinumab every 8 weeks sc), 7216 vs. 2842 ng/mL (p = 0.0005) Figure 3.
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Figure 1. Improvement in fecal calprotectin levels 12 weeks after intravenous drug intensification.
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Figure 2. Improvement in ustekinumab levels 12 weeks after intravenous drug intensification.
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Figure 3. Clinical activity at baseline, 12 weeks after switching to ustekinumab iv, and at the end of
follow-up.

The previous results are summarized in Table 2.

Table 2. Analysis of clinical activity, CRP, fecal calprotectin, and UST levels before and after (at
12 weeks) starting UST IV.

Variables Basal 12 Weeks
No Mild Moderate Serious No Mild Moderate Serious
Clinical activity (n, %) 8 9 8 2 9 13 5 0
29.6% 33.3% 29.6% 7.4% 33.3% 48.1% 18.5% 0%
Medi LQ.R. Medi L.Q.R.
PCR edian Q edian Q
6.6 10.7 4.1 6.7
. Median LQ.R. Median LQ.R.
Calprotectin
463 946.5 272.5 749.5
Megi LQ.R. Medi LQ.R.
UST levels edian edian
3810 4840 6870 3510

Despite these differences in drug levels after 12 weeks of IV treatment, no differences
were observed among those patients who started with the intensified drug at the baseline
visit (7949 vs. 7937 ng/mL; p = 0.99).

No correlation was found between higher drug levels at week 12 and the absence of
clinical activity when analyzing the subgroup of patients without prior intensified drug
regimens (8413.56 vs. 6672.5; p = 0.5).

Finally, the endoscopic study at baseline and at week 12 was available in only three
patients. Two of them were in a situation of post-surgical recurrence and one with luminal
activity. Endoscopic improvement was identified in two of the three patients, with a
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reduction in endoscopic activity indices (i3 at baseline vs. il at week 12, and SES-CD 26 vs.
SES-CD 7).

As for ultrasound activity, it was available in 10 patients (at baseline and at 12 weeks),
with significant improvements (no significant ultrasound activity) in 3 of them.

4. Discussion

Ustekinumab has been proven to be a safe and effective drug in patients with Crohn’s
disease both in clinical trials [12] and in real-life cohorts [13-16], also demonstrating
excellent treatment survival in patients responding to the drug [17].

However, there is little evidence on what to do if there is an inadequate response or the
disease relapses during maintenance. A recent meta-analysis [18] showed that reinduction
with UST or interval shortening may be effective therapeutic alternatives in this setting,
especially in patients coming from a standard maintenance regimen of sc ustekinumab
every 8 weeks.

It should be noted that our study not only investigated the possibility of intensifying
the maintenance treatment period (every 4 weeks), but also of administering the medication
intravenously. In addition, 37% of the included patients had already started an intensified
ustekinumab regimen before switching to intravenous (subcutaneous every 4 or 6 weeks).

In our experience, we observed a clinical and biochemical improvement (reduction
in fecal calprotectin and CRP levels) 12 weeks after switching to the intravenous regimen,
even in those patients who switched from the intensified subcutaneous regimen. It should
be noted that most of the studies on the subject assessed the effectiveness of treatment
intensification solely with clinical criteria and not biochemical criteria as in our study [19].

We have previous evidence [20-22] on the possible relationship between blood drug
levels and therapeutic efficacy. However, in the case of ustekinumab, this is an underex-
plored field. In our study, an overall increase in ustekinumab blood levels was observed
after intravenous intensification, although these differences did not reach statistical signifi-
cance in those patients who switched from the intensified subcutaneous regimen.

Ustekinumab has shown, in previous studies, not only clinical, but also endoscopic [23,24],
ultrasonographic [25,26], and even histological [27] improvements. Despite this, studies
addressing the efficacy of intensification strategies in the face of loss of response during
maintenance often measure targets only with clinical or biochemical response. In the
present study, we do not have power to draw conclusions in this regard. However, it
should be noted that in a cohort of highly refractory patients, endoscopic improvement
was quite common.

One of the main limitations of our study is the limited sample size. In fact, we cannot
rule out, given the good results obtained, the absence of statistical significance being related
to the sample size (type Il error). More studies on a wider population are needed.

However, since this is a study in real clinical practice, increasing the sample size is
complex, and the inclusion rate is unpredictable.

On the other hand, one of the main strengths to highlight is that, to our knowledge,
this is the first study that addresses the possibility of intensifying the treatment, not only by
reducing the regimen, but also by switching to intravenous administration as maintenance
treatment, also obtaining good results and broadening the therapeutic possibilities in
these patients.

5. Conclusions

In our experience, intensifying ustekinumab treatment, not only by reducing the
interval (to 4 weeks) but also by transitioning to intravenous administration, is a safe and
effective option for a significant proportion of patients.

When assessing the clinical activity of these patients, around 70% exhibited baseline
activity, with no significant changes observed after 12 weeks of treatment. However,
among those with severe baseline activity, a notable reduction was seen to 14.8% after
12 weeks of intravenous treatment. Although overall fecal calprotectin levels reduced
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at 12 weeks, statistical significance was not reached. Similarly, C-reactive protein (CRP)
levels showed a decrease after 12 weeks of intravenous treatment, although this is not
statistically significant.

Moreover, there was a substantial increase in ustekinumab levels after 12 weeks of
intensified intravenous treatment in patients who initially received the drug every 8 weeks
subcutaneously. Nevertheless, no differences in drug levels were observed among those
who started with intensified drug treatment from the beginning. Endoscopic improvement
was detected in a small subset of patients, while ultrasound activity showed significant
improvement in three out of ten patients evaluated at both the baseline and 12 weeks.

Notably, no adverse effects were noted with the intravenous administration of ustek-
inumab during the study.
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Abstract: Background: Few studies have incorporated longitudinal assessments or used combi-
nations of blood biomarkers as predictors of loss of response to biologic therapy for patients with
Crohn’s disease (CD) or ulcerative colitis (UC). Methods: This is a population-based cohort study
comprising Danish patients with CD or UC from 2008 to 2018. We used logistic regression to analyze
whether levels and changes in levels of C-reactive protein (CRP), serum albumin, and hemoglobin,
routinely measured during a 14-week infliximab induction period, predicted a change to another bio-
logic medication or cessation of biologic therapy. Results: During the induction period, 2883 (1626 CD,
1257 UC) patients had 12,730, 12,040, and 13,538 specimens with CRP, serum albumin, and hemoglobin,
respectively. In all, 284 patients (9.9%) switched to another biologic medication, and 139 (4.8%) ceased
biologic therapy in the follow-up period. Only the most recent CRP and hemoglobin levels predicted
the efficacy of infliximab treatment at approximately 14 weeks, a time point when the clinician often
determines whether to continue treatment. Conclusion: Measurement of blood biomarkers prior to
the clinical assessment does not predict the effectiveness of infliximab.

Keywords: blood biomarkers; longitudinal measurements; infliximab; prediction; Crohn’s disease;
ulcerative colitis

1. Introduction

Prediction of response to medical treatment is one of the main challenges in caring
for patients with Crohn’s disease (CD) and ulcerative colitis (UC). This is particularly
important for biologic medications because of their high cost and potentially serious side
effects. Current guidelines recommend an individualized empiric strategy for handling
the loss of response to biological treatment. This includes intensifying biologic therapy,
changing within the class of biologic therapy, changing to another class of biologic therapy,
optimizing concomitant treatment with conventional immunosuppressives, and finally,
surgery [1,2]. This strategy assumes that it is preferable to completely exhaust one treatment
option before discontinuing or changing the biologic therapy. Although tumor necrosis
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factor (TNF)-blocking therapy has resulted in long-term remission for CD and UC, up
to 35% of the patients may have primary failure to this therapy [3]. Induction therapy
for infliximab consists of three infusions: at day 0 and after 2 and 6 weeks, followed by
maintenance therapy every 8 weeks. The effectiveness of the therapy is typically evaluated
at the fourth treatment—that is, around 14 weeks after its initiation. If this induction
therapy is not beneficial, whatever the reason, the clinician will change to an alternative
therapy. An early prediction of treatment failure will facilitate the supervision of vulnerable
patients and the decisions to change or supplement treatments earlier in the disease course.
Whether an early prediction is possible can be assessed in longitudinal biomarker studies,
preferably by combinations of biomarkers.

The blood biomarkers C-reactive protein (CRP), serum albumin, and hemoglobin
are often used as standard biomarkers when starting and continuing biologic therapy.
Among these, the inflammatory marker CRP has gained the most attention [3]. Serum
albumin is a negative inflammatory biomarker [4] and a strong prognostic predictor in
many diseases [5,6]. Anemia has a high prevalence in patients with inflammatory bowel
disease (IBD) [7]. The hemoglobin level is included in prognostic indices for acute severe
UC [8] and CD [9], and it has been evaluated as a prognostic predictor in a few studies [10].

There is no ideal blood biomarker, and the combination of two or more biomarkers has
been recommended for prognostic studies [11]. Moreover, the vast majority of prognostic
studies have only assessed one-time values of the biomarker, with a few exceptions for
studies of CRP [12-14]. Studies with changes in CRP levels, rather than single measure-
ments, have been recommended for patients with IBD [14], and the same may apply to
serum albumin and hemoglobin.

CRP, serum albumin, and hemoglobin are routinely measured in patients with IBD.
The little knowledge on whether their values, separately or in combination, could be used
longitudinally for the prognosis thus prompted us to conduct this study.

In this population-based study, we examined whether levels of and changes in CRP,
serum albumin, and/or hemoglobin during the 14-week induction period with infliximab
treatment could predict a treatment failure, defined as a shift to another biologic therapy or
cessation of biological treatment altogether.

2. Materials and Methods
2.1. Setting

This unselected study cohort is based on data from national Danish health registries.
In Denmark (population approximately 5.8 million), all citizens have access to free public
healthcare, and this enables us to develop a population-based study design based on an
unselected nationwide study population [15]. The Danish healthcare system is tax-financed
and thus free for the individual patient [16]. All patients with IBD are diagnosed and
treated in public hospitals, with high completeness and validity of recorded IBD diagnoses
and procedure codes [17,18]. Data from administrative registries can be linked by the
unique personal identifier given to all Danish residents [15].

2.2. Study Population

We refer to Figure 1 for further details.

In brief, the study population initially comprised patients in the Danish National
Patient Registry [18] from which we retrieved patients treated with infliximab. In Denmark,
anti-TNFs, interleukin inhibitors, and anti-integrin drugs are administered only in public
hospitals or hospital-based out-patient settings, and procedure codes for each treatment
and dates of administration are recorded in the Danish National Patient Registry [18].
The system holds a complete record of individuals receiving biological therapy and its
associated consequences.
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before CD/UC is diagnosed (N = 40)

Figure 1. Derivation of the study population.
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We restricted the inclusion of patients to those who fulfilled induction therapy
(>4 infliximab treatments) and >32 weeks of follow-up after the induction therapy
period. We retrieved data for CRP, serum albumin, and hemoglobin in blood specimens
from a laboratory database hosted by the Danish Health Data Authority, which covers
all of Denmark as of 2008, except the Central Denmark Region (21% of Denmark’s
population) [19]. The final study population included patients treated with infliximab,
initiated between 7 January 2008 and 30 June 2018, and with blood specimen levels for
CRP, serum albumin, or hemoglobin. From the Danish Civil Registration System [15],
we retrieved data on the vital status up to 21 September 2020, including the date of death
or emigration, if relevant.

2.3. Outcome

The outcome of this study was treatment failure, which we defined as either a shift to a
biologic other than infliximab or cessation of biologic treatment altogether in the follow-up
period. The follow-up spanned from 98 days (14 weeks) through 224 days (32 weeks) after
the first-time infliximab treatment.

2.4. Statistical Analyses

We computed a contingency table with the patients’” baseline characteristics for all
patients and stratified them into patients with CD or UC. Figure 2 gives the timeline for

the study.
C-reactive protein, serum albumin, hemoglobin: Treatment failure:
Earliest value Latest value
\ / Change to another biologic drug than Infliximab
OR
l Cessation of biologic treatment altogether
Changes between earliest and latest value
Infliximab Infliximab Infliximab  Infliximab
| | | | | 1 >
D";th’ Infliximab induction period Start of Follow-up period End of
S =
(Day -7/98 [week -1/14]) follow-up (Day 98/224 [week 14/32]) follow-up

Infliximab

eriod i
treatment P perlod

Figure 2. Timeline for the study.

We included blood specimens for CRP, serum albumin, and hemoglobin, from 7 days
(1 week) before through 98 days (14 weeks) after the first-time infliximab treatment. Because
CRP was not normally distributed, we used its base-10 logarithm (CRP10), whereas serum
albumin and hemoglobin values were not changed due to their normal distribution. Within
this —7 to 98-day induction period, we focused on the earliest and the latest specimens and
computed the days and changes in levels between these.

For each of the three biomarkers, we graphically depicted trajectories of daily mean
levels in the —7 to 98-day period, separately for patients with and without treatment failure.

For the outcome, we computed logistic regression analyses with odds ratios (ORs)
and 95% confidence intervals (CIs). These analyses were undertaken separately for CRP10,
serum albumin, and hemoglobin and within each of these for the earliest and the latest
levels, as well as for changes between these, divided them into percentiles (0-25%, 25-75%,
and 75-100%). As the earliest levels contributed little to the outcome, these were omitted
from the multivariate analyses in which we applied the following models:

Model A: the latest level of CRP10, serum albumin, and hemoglobin

Model B: Model A + changes in CRP10, serum albumin, and hemoglobin levels

Model C: Model A + changes in hemoglobin levels

Model D: the latest levels of CRP10 and hemoglobin + changes in hemoglobin levels
Model E: Model D + gender, age groups (0-16, 17-39, 40-59, >60 years), body mass index
(BMI) (<18.5, >18.5 and <25, >25 and <30, >30 and <35, >35, missing), and quartiles of
time from diagnosis of IBD to first-time treatment with infliximab (0-187, 188-808, 809-3053,
3054-14,652 days).
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We computed areas under the receiver operating characteristic curves (AUROCs)
for all the logistic regression analyses. For Models A-E, we compared these mutually by
C-statistics [20].

Because of the retrospective nature of our data, in which values were not missing
at random, we could not perform genuine longitudinal analyses [21]. Consequently, we
reiterated all analyses in the following subgroups to assess the robustness of the data:
(i) patients with CD; (ii) patients with UC; (iii) patients with 2 or more biomarker specimens
in the —7 to 98 day period (the earliest and latest specimen comprised CRP10, serum
albumin, and hemoglobin, and there were 1-83 days between the earliest and the latest
specimen); (iv) as iii, but with 84-105 days between the earliest and latest specimen;
(v) for patients with 3 or more biomarker specimens in the —7/98 day induction period, we
replaced the latest level in the induction period by the level from the induction period’s 3rd
biomarker specimen; (vi) where a change to another biologic drug was the only outcome,
i.e., we skipped patients for whom biologic therapy was stopped altogether; (vii) for
patients with UC, we divided the follow-up period into analyses before and from 1 April
2012 (date of approval of adalimumab); (viii) for all patients, we divided the follow-up
period into analyses before and from 1 May 2014 (date of approval of vedolizumab).

In all analyses, a two-sided p-value of <0.05 was considered significant. The program
Stata®, vs. 17, (StataCorp., College Station, TX, USA) was used for all analyses.

3. Results

A total of 2883 patients were included in the final study cohort (Figure 1), of whom
1626 (56.4%) had CD and 1257 (43.6%) had UC (Table 1).

Table 1. Descriptive characteristics of patients with Crohn’s disease or ulcerative colitis introduced to
infliximab therapy from 2008 through 2018.

Characteristic All Patients Crohn’s Disease Ulcerative Colitis
(n = 2883) (n =1626) (n =1257)
Gender
Females 1487 (51.6) 853 (52.5) 634 (50.4)
Males 1396 (48.4) 773 (47.5) 623 (49.6)
Age, years !
Range 1.1-89.3 1.1-82.3 3.7-89.3
Median (IQR) 34.0 (23.0-47.6) 30.9 (21.6-46.2) 36.9 (25.5-50.0)
Body mass index 1
<18.5 52 (1.8) 38 (2.3) 14 (1.1)
>18.5, <25 544 (18.9) 310 (19.1) 234 (18.6)
>25, <30 329 (11.4) 177 (10.9) 152 (12.1)
>30, <35 142 (4.9) 84 (5.2) 58 (4.6)
>35 62(2.2) 30 (1.9) 32(2.6)
Missing 1754 (60.8) 987 (60.7) 767 (61.0)
C-reactive protein, measured 2
Patients 2817 (97.7) 1594 (98.0) 1223 (97.3)
Number of values
All 12,730 6208 6522
Per patient
Range 1-51 1-51 1-45
Median (IQR) 3 (2-5) 3 (2-4) 4 (3-6)
Serum albumin, measured 2
Patients 2709 (94.0) 1543 (94.9) 1166 (92.8)
Number of values
All 12,040 5876 6164
Per patient
Range 1-52 1-52 1-37
Median (IQR) 3 (2-5) 3 (2-4) 4 (3-6)
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Table 1. Cont.

Characteristic All Patients Crohn’s Disease  Ulcerative Colitis
(n = 2883) (n =1626) (n =1257)
Hemoglobin, measured 2
Patients 2880 (99.9) 1624 (99.9) 1256 (99.9)
Number of values
All 13,538 6594 6944
Per patient
Range 1-49 1-49 1-46
Median (IQR) 4 (3-5) 2 (3-5) 4 (3-7)
Gastrointestinal surgery 3 18 (0.6) 8 (0.5) 10 (0.8)
Shift to another biological drug * 284 (9.9) 140 (8.6) 144 (11.5)
Ceasing biological treatment * 139 (4.8) 56 (3.4) 83 (6.6)

1 On the date of initiating biological therapy. > From 7 days (1 week) before through 98 days (14 weeks) after
initiating biological therapy. ® Nordic Classification of Surgical Procedures, codes KJFH* (total colectomy) or
KJFB* (intestinal resection), from 7 days (1 week) before through 98 days (14 weeks) after initiating biological
therapy. * From 98 days (14 weeks) through 224 days (32 weeks) after initiating biological therapy.

There were no material differences between patients with CD and UC for any baseline
characteristics in Table 1. Most of the patients had CRP, serum albumin, and hemoglobin
measured, ranging from 92.8% for serum albumin for patients with UC to 99.9% for
hemoglobin for the whole study population. In the period from 7 days before through
98 days after starting the infliximab treatment, each patient had a median (IQR) of 3 (2-5)
specimens for CRP and serum albumin and 4 (3-5) for hemoglobin.

3.1. Trajectories of Mean Daily Levels

During the day —7 to day 98 induction period, daily mean levels of CRP10 were
generally higher and levels of serum albumin and hemoglobin were generally lower
among patients with treatment failure in comparison to patients without treatment failure
(Figure 3).

The fitted lines deviated more from each other with the progression from day —7
to-ward day 98, most notably for hemoglobin, less for serum albumin, and least for CRP10.

3.2. Logistic Regression Analyses Separately for the Three Biomarkers

In the six models, in which either the earliest or the latest biomarker level was the only
covariate, only models with the latest level were significant (Table 2).

Hence, only the latest levels were combined with changes in the equivalent biomarker
levels. In these models, the ORs (95% Cls) for the latest levels changed immaterially
in comparison to the models without the changes. Changes were non-significant for
CRP10 or serum albumin, although they were close to significant for serum albumin. For
hemoglobin, changes were significant, with a trend of lower ORs with higher percentile
changes. AUROCs ranged from 0.523 (for the earliest CRP10 level) to 0.594 (for the
model with the latest hemoglobin level and hemoglobin changes). The results differed
insignificantly between patients with CD and UC.

3.3. Multivariate Logistic Regression Analyses

When the latest levels of each biomarker were combined (Model A), CRP10 and
hemoglobin were significantly associated with the outcome (Table 3).

With the amendment of changes in levels (Model B), only changes for hemoglobin were
significant. We, therefore, excluded changes in levels for CRP10 and serum albumin (Model
C) and further excluded the latest serum albumin level in Model D. ORs or 95% Cls did not
change materially for the same covariates when these were compared between Models A,
B, C, and D. The AUROC was 0.595 for Model A and very similar in Models B-D (ranging
from 0.610 to 0.616). In the final Model E, the amendment of other possible confounders
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(gender, age, BMI, and time from diagnosis to first-time treatment with infliximab) did not
change ORs or 95% Cls for the biomarker covariates in comparison to Model D (Table 3).
Moreover, none of the amended confounders were significant.

Trajectories of log10(C-reactive protein)

1.4
1.3
1.29
1.1
1.0
0.91
0.8
0.74
0.6
0.51
0.4+
0.3 1
0.24
0.14
0.0 1

CRP, mean (log10 of mg/L)

——— Treatment failure
— Continuation of Infliximab

-6 2 0 18 26 34 42 50 58 66 74 82 90 98
=2 6 14 22 30 38 46 54 62 70 78 8 94

Day in relation to start of biological therapy

Trajectories of serum albumin
4201

40.0
38.0 1
36.0

34.0 1

Albumin, mean (g/L)

32.01

30.01 ——— Treatment failure

— Continuation of Infliximab

-6 2 10 18 26 34 42 50 58 66 74 82 90 98
-2 6 14 22 30 38 46 54 62 70 78 86 94

Day in relation to start of biological therapy

28.0 1

Trajectories of hemoglobin
9.0

8.8
8.6
8.4+
8.21
8.01
7.8
7.6
7.44

72 v v } ——— Treatment failure
7.0 —— Continuation of Infliximab

-6 2 0 18 26 34 42 50 58 66 74 82 90 98
-2 6 14 22 30 38 46 54 62 70 78 86 94

Day in relation to start of biological therapy

Hemoglobin, mean (mmol/L)

Figure 3. Daily mean levels of biomarkers, with fitted lines, days —7/98 in relation to starting
biological therapy.
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Table 2. Odds ratio (OR) and area under the receiver operating characteristic curve (AUROC) for the

biomarker levels and their changes as predictors for treatment failure.

Model OR (95% CI) AUROC!
log10 of CRP L earliest 1.12 (0.94-1.34) 0.523
log10 of CRP, latest 1.72 (1.39-2.13) 0.568
Serum albumin, earliest 0.98 (0.96-1.00) 0.529
Serum albumin, latest 0.95 (0.93-0.97) 0.570
Hemoglobin, earliest 0.90 (0.81-1.00) 0.528
Hemoglobin, latest 0.74 (0.67-0.83) 0.575
log10 of CRP, 0-25 percentile change 1 (ref.) 0.572
log10 of CRP, 25-75 percentile change 0.92 (0.68-1.26)

log10 of CRP, 75-100 percentile change 0.90 (0.68-1.21)

log10 of CRP, latest 1.76 (1.41-2.20)

Serum albumin, 0-25 percentile change 1 (ref.) 0.576
Serum albumin, 25-75 percentile change 0.76 (0.57-1.02)

Serum albumin, 75-100 percentile change 0.73 (0.52-1.02)

Serum albumin, latest 0.95 (0.93-0.98)

Hemoglobin, 0-25 percentile change 1 (ref.) 0.594

Hemoglobin, 25-75 percentile change
Hemoglobin, 75-100 percentile change
Hemoglobin, latest

0.74 (0.57-0.96)
0.60 (0.44-0.82)
0.78 (0.70-0.88)

! The base-10 logarithm of C-reactive protein.

3.4. AUROC:s for Models A-E

In pairwise comparisons of AUROCs between the models, only Model A differed from

Model E (p = 0.03), whereas the other comparisons were non-significant.

3.5. Subgroup Analyses

A total of 1800 patients had 2 or more biomarker specimens where both the earliest
and latest specimens comprised CRP, serum albumin, and hemoglobin. The median time
between the earliest and the latest specimen was 84 days, which we chose as a cut-off for
dividing into patients with 1-83 (n = 867) and 84-105 days (n = 933). The results did not
differ materially between these two groups or in comparison to the whole study population.

A number of 1565 patients had 3 or more biomarker specimens, and 1440 of these
(92.0%) could be used for the logistic regression analyses due to non-missing data for all the

models’ variables. The results were very similar to those for the whole study population.

In the analyses where the outcome was restricted to change to another biologic drug
than infliximab, all results were essentially the same as for the results in which stopping
biologic treatment was included in the outcome definition.

The results of the analyses in the divided follow-up periods (before vs. after 1 April
2012 for patients with UC and before vs. after 1 May 2014 for all patients) did not deviate
materially from the overall results either.

Table 3. Logistic regression analyses, combined for the three biomarkers, in addition to adjustment

for gender, age, body mass index, and time between diagnosis and start of infliximab treatment.

Cofactor Model A Model B Model C Model D Model E
(0.595) 1 (0.616) (0.614) (0.610) (0.623)
log10 of CRP, latest 143 (1.12-1.82)  1.41(1.09-1.82) 1.39 (1.09-1.77) 148 (1.19-1.85)  1.49 (1.18-1.87)

Serum albumin, latest

0.98 (0.95-1.01)

0.98 (0.95-1.01)

0.98 (0.95-1.01)

Hemoglobin, latest

0.80 (0.70-0.91)

0.85 (0.74-0.98)

0.84 (0.73-0.96)

0.83 (0.73-0.94)

0.81 (0.71-0.93)
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Table 3. Cont.

Model B
(0.616)

Model C
(0.614)

Model D
(0.610)

Model E
(0.623)

Model A
Cofactor 0.595) 1
log10 of CRP, 0-25 percentile
difference
log10 of CRP, 25-75 percentile
difference

log10 of 75-100 percentile difference

1 (reference)

0.95 (0.67-1.35)
0.93 (0.65-1.32)

Serum albumin, 0-25 percentile
difference

Serum albumin, 25-75 percentile
difference

Serum albumin, 75-100 percentile
difference

1 (reference)
0.85 (0.62-1.19)

0.98 (0.65-1.47)

Hemoglobin, 0-25 percentile
difference

Hemoglobin, 25-75 percentile
difference

Hemoglobin, 75-100 percentile
difference

1 (reference)
0.74 (0.55-0.99)

0.54 (0.37-0.80)

1 (reference)
0.73 (0.55-0.97)

0.56 (0.39-0.80)

1 (reference)
0.71 (0.54-0.93)

0.56 (0.40-0.78)

1 (reference)
0.70 (0.53-0.93)

0.57 (0.41-0.80)

Males

0.96 (0.75-1.23)

Age, 0-16 years
Age, 17-39 years
Age, 40-59 years
Age, >60 years

1 (reference)
1.00 (0.57-1.76)
1.48 (0.82-2.68)
1.33 (0.69-2.55)

Body mass index, <18.5

Body mass index, >18.5 and <25
Body mass index, >25 and <30
Body mass index, >30 and <35
Body mass index, >35

Body mass index, missing

0.55 (0.19-1.62)
1 (reference)
0.82 (0.54-1.25)
0.98 (0.57-1.67)
0.59 (0.25-1.38)
0.78 (0.58-1.05)

Time, diag-biol 2, 0-187 days
Time, diag-biol, 188-808 days
Time, diag-biol, 809-3053 days
Time, diag-biol, 3054-14,652 days

1 (reference)
1.15 (0.83-1.59)
1.07 (0.76-1.50)
1.00 (0.70-1.42)

! Brackets: area under the receiver operating characteristic curve for the model, based on the 2103 patients in
Models A-C (in order to enable comparisons between the models). 2 Time from diagnosis of inflammatory bowel

disease to start of infliximab treatment.

4. Discussion

We hypothesized that levels of and changes in the routinely retrieved biomarkers

CRP, serum albumin, and hemoglobin could predict whether treatment with infliximab
would be clinically valuable after its 14-week induction period. Ultimately, we hoped that
the earliest measured levels could predict treatment failure sooner. However, statistical
significance was seen only for the latest measured CRP and hemoglobin levels in the
induction period and for changes in the hemoglobin levels. These latest measurements
occurred at a time point when the clinician will likely assess the patient’s condition anyway,
including decisions on whether treatment with infliximab needs to continue or change
to another drug, which we defined as treatment failure. Moreover, AUROCSs below 0.7,
regardless of the model, reflected non-acceptable discrimination [22].

Approximately one-third of patients will be non-responders to infliximab (and other
biologics) and will require alternative treatment. It would be ideal if biomarkers collected
at the beginning of the biologic therapy period could predict a clinical response. Patients
would be able to avoid a prolonged flare and further clinical decline by choosing a medica-
tion other than infliximab. This large study finds, rather, that patients must undergo a full
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infliximab induction, and only biomarker measurements around 14 weeks will be reflective
of clinical response. CRP and hemoglobin are helpful insofar as they are reflective of the
clinical response to infliximab induction and can help differentiate common concurrent
diagnoses such as irritable bowel syndrome or chronic pain syndrome, which may obscure
clinical response.

The fecal calprotectin level is the gold standard for assessing the severity of IBD [3,14].
Our real-life data were too sparse to incorporate this specimen type in the prognostic
assessment, as only 993 patients (34.4%) had fecal calprotectin specimens, and among these,
578 (58.2%) had one specimen only, which hampered longitudinal analyses. Consequently,
the study was based on CRP, serum albumin, and hemoglobin from blood specimens,
which are normally retrieved concomitantly with the infliximab treatment. Still, half of the
patients received their fourth treatment after the 14-week induction period, some up to
32 weeks thereafter. This was also reflected in varying numbers of biomarker specimens in
the day —7 to day 98 period, to which we restricted our analyses to minimize heterogeneity.

We were inspired by a previous study, in which CRP levels >10 mg/L or a clinical
score >5 (the Harvey-Bradshaw index for CD and the Simple Clinical Colitis Activity
Index for UC) predicted a nearly fourfold increased risk of steroid therapy or surgery
after the 14-week induction therapy period [23]. In the present study, we focused on the
utility of longitudinal aspects of CRP, serum albumin, and hemoglobin, as well as of their
combinations. This was also the reason for not incorporating clinical scores, which were
recorded for the end of the induction therapy period and, therefore, did not contribute to
an earlier prognostic assessment.

Most biomarker studies in patients with IBD are either cross-sectional, in which
biomarkers were compared with clinical scores [24], or one-time levels that predicted future
adverse outcomes, such as complications after surgery [25], increased risk of surgery or
medication [26], prolonged hospitalizations [27], or steroid non-response [28]. Newer stud-
ies have incorporated one-time levels of CRP and serum albumin, often as the CRP/serum
albumin ratio (CAR) [24]. To assess the separate impact of CRP, serum albumin, and
hemoglobin, we did not use CAR in our study, and because serum albumin had little
impact in models with hemoglobin, it was skipped in the final analyses. Fewer studies
have evaluated changes in biomarker levels as predictors of an adverse outcome. Studies
from European countries have incorporated CRP levels at baseline, after 4/10/14 weeks,
and the difference or ratio between these, for patients with UC [29] or CD [12,13,30-32], all
treated with infliximab. Comparison to our results is difficult due to the various follow-up
periods and outcomes or the rates only computed for patients with high first-time CRP
levels. A Belgian study of 614 patients with CD found that the baseline CRP level did not
predict a sustained clinical benefit of infliximab during a 5-year follow-up period, whereas
a drop of >50% from the baseline level or normalization to <3 mg/L did [32]. This is in
accordance with our results and supports the recommendation of longitudinal assessments
of biomarker levels [14]; however, no AUROCs were reported in the Belgian study. A
Japanese study of 72 UC patients used the ratio between the week 0 and 2 levels of both
CRP and serum albumin to predict the response to infliximab at week 14 [33]. The ratio
of CRP, but not of serum albumin, was a predictor with a good discriminatory ability
(AUROC = 0.799). A few older studies from the UK have reported longitudinal data for
serum albumin and hemoglobin, but the low number of patients (50 or fewer) precludes
firm conclusions [34-38]. In our study, there were no differences between patients with UC
and CD. For CRP, this is not in accordance with several studies, which state that a high
CRP response is mainly seen in patients with CD but not with UC [3]. For hemoglobin, the
reverse has been reported, i.e., it is prognostic in patients with UC but not with CD [10].
Comparison between our results and other studies is difficult due to different settings and
outcomes and the few studies that have assessed longitudinal aspects.

Our study is population-based and includes a high number of patients, both with UC
and CD. Among the studies with longitudinal analyses, the highest number of patients was
718 [31], and we have not encountered other studies that combined CRP, serum albumin,
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and hemoglobin. Both the diagnoses of IBD and the procedure recordings of infliximab
treatment have high completeness and validity [17,18]. The outcome is relevantly based on
the physicians’ assessments after the 14-week induction therapy period.

Our study also has limitations that deserve further consideration. First, real-life data
with varying numbers of specimens and time intervals between these hamper genuine
longitudinal analyses [21]. However, stratifying the analyses into 1-83 and 84-105 days
between the earliest and latest specimens did not change our results materially. Moreover,
ORs changed little between various models or when the last specimen was replaced by
the third. Thus, our results seemed robust despite the heterogeneous data. Second, we do
not know to what degree the outcome (i.e., the physicians’ decisions) was based on the
biomarker results. Hence, possible predictors may be part of the outcome, although the
magnitude of this is difficult to quantify for a holistic clinical assessment. However, this
pitfall would have been a bigger problem if the results had shown that the biomarkers were
strong predictors. Third, the inclusion of fecal calprotectin in the analyses would be benefi-
cial, but the number of specimens did not allow this. Fourth, as in other retrospectively
derived data, there are unknown confounders such as intake of other drugs, smoking, or
alcohol intake. The intake of other drugs may, however, be related to exacerbations of IBD
symptoms, which are also correlated to levels of CRP, serum albumin, and hemoglobin,
so confounding by indication is a pitfall if other drugs than infliximab are included in the
analyses. Moreover, the amendment of possible confounders in Model E did not change the
ORs for the biomarkers or the AUROCSs materially, and it is unlikely that this would differ
for other possible confounders. Finally, 18 patients underwent gastrointestinal surgery in
the induction treatment period, which is an undesirable outcome regardless of the decision
regarding infliximab continuation. These patients had more biomarker specimens (median
19.5, IQR 7-32), and 16 (88.9%) experienced the outcome, but their exclusion did not change
the analyses materially.

5. Conclusions

Results from specimens of CRP, serum albumin, and hemoglobin retrieved before the
end of the 14-week induction treatment period with infliximab were weak predictors of
whether infliximab treatment should be continued thereafter. Additional studies, including
genetics, serology, and correlation with specific IBD subtypes, need to be performed in
order to find more clinically predictive biomarkers.
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Abstract: Background: Sarcopenia is underdiagnosed in patients with inflammatory bowel disease
(IBD). Low alanine transaminase (ALT) is associated with sarcopenia. We evaluated the association
between low ALT and the presence of IBD and disease activity. Methods: Data were collected from a
national Israeli health insurer cohort comprising 976,615 patients. Patients with a diagnosis of IBD
were compared to healthy controls. After exclusion of patients with liver disease, ALT > 40 IU/L
and age < 18, a total of 233,451 patients were included in the analysis. Low ALT was defined as
<10 IU/L. Results: Low ALT was more common amongst patients with IBD than in healthy controls
(7.76% vs. 5.7% p < 0.001). Low ALT was found in 148 (7.9%) of the patients with CD and 69 (6.9%) of
the patients with UC. For CD, low ALT was associated with increased fecal calprotectin (FC) and
CRP (223.00 ug/mg [63.45-631.50] vs. 98.50 [31.98-324.00], p < 0.001, 9.10 mg/L [3.22-19.32] vs.
3.20 [1.30-8.30], p < 0.001) and decreased albumin and hemoglobin (3.90 g/dL [3.60-4.20] vs. 4.30
[4.00-4.50], p < 0.001,12.20 g /dL [11.47-13.00] vs. 13.60 [12.60-14.70], p < 0.001). For UC, low ALT was
associated with higher FC and CRP (226.50 nug/mg [143.00-537.00] vs. 107.00 [40.85-499.50], p = 0.057,
4.50 mg/L [1.90-11.62] vs. 2.30 [1.00-6.20], p < 0.001) and with lower albumin and hemoglobin
(4.00 g/dL [3.62—4.18] vs. 4.30 [4.10—-4.40], p < 0.001, 12.40 g/dL [11.60-13.20] vs. 13.60 [12.60-14.60],
p < 0.001). These findings remained consistent following multivariate regression and in a propensity
score-matched cohort. Conclusions: Low ALT is more common in patients with IBD and is associated
with biochemical disease activity indices.

Keywords: inflammatory bowel disease; alanine transaminase; sarcopenia; calprotectin

1. Introduction

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn'’s
disease (CD), is characterized by chronic intestinal inflammation due to a complex inter-
action between genetic factors, disturbed epithelial barriers, uncontrolled inflammatory
signals, loss of tolerance, and environmental triggers [1]. IBD is frequently complicated by
malnutrition, defined as “a state resulting from lack of intake or uptake of nutrition that
leads to altered body composition (decreased fat-free mass) and body cell mass leading to
diminished physical and mental function and impaired clinical outcome from disease” [2].
Malnutrition is a crucial factor in the state of muscle loss known as sarcopenia [2]. Patients
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with quiescent disease have higher muscle mass than those with active bowel disease who
are more likely to be malnourished and sarcopenic [3]. Even amongst patients with IBD
who have a normal body mass index (BMI, calculated as kg/m?) and serum albumin level,
body cell mass and handgrip strength are lower than in healthy controls. [4,5]. Sarcopenia
is also associated with a higher risk of surgical complications [3,6,7]. Patients with IBD
and sarcopenia are also more likely to suffer from osteopenia and osteoporosis [5]. A
normal BMI cannot rule out the presence of sarcopenia, since a high percentage of patients
with IBD are obese; thus, sarcopenia can be frequently underdiagnosed [8]. The clinical
importance of sarcopenia warrants incorporating muscle strength when evaluating and
tailoring management of IBD [9]. However, as many of these tests are time-consuming and
are not available in many IBD centers, surrogate markers that could show patients at risk
for malnutrition and sarcopenia are warranted.

Alanine aminotransferase [ALT, also known as serum glutamic-pyruvic transaminase
(SGPT)] is a critical enzyme in the alanine cycle that is responsible for the transfer of the
a-amino group from an «-amino acid to an o-keto acid, transforming pyruvate to ala-
nine in skeletal muscle and catalyzing alanine to pyruvate in the liver [10]. Elevated ALT
is a marker of liver damage as it is released to the blood by damaged hepatocytes [11].
Conversely, multiple studies have shown that low ALT is associated with increased mor-
tality [12-17]. Low ALT is also associated with frailty, sarcopenia, and disability, which
may all explain the increase in mortality [18-20]. Patients with lower skeletal muscle mass
index have lower ALT than patients with a normal skeletal mass index [21]. Low ALT is
also more prevalent in the geriatric population [18,22].

The association of IBD with elevated liver enzymes, including ALT, is well estab-
lished [23] and in some studies has predicted complications and a worse prognosis [24,25].
Conversely, a higher prevalence of low ALT was reported in two small retrospective studies
among pediatric and adult IBD patients [26,27]. However, data concerning the association
of low liver enzymes, specifically ALT, with IBD are still scarce.

This study aims to explore the prevalence of low ALT amongst patients with IBD and
the possible associations of low ALT with serum markers of disease activity in a nationwide
health organization.

2. Methods

The Meuhedet health maintenance organization (HMO) is one of Israel’s four state-
mandated HMO:s. It serves over 1,300,000 individuals and is the third largest HMO in Israel.
Meuhedet’s EMR (electronic medical record) includes real-time input from all physician
visits, medical diagnoses, laboratory results, hospitalizations, and dispensing data on
prescription and over-the-counter medications. Data of 976,615 patients were collected as
part of a prospective study following all HMO patients who underwent SARS-CoV-2 testing
from March 2020 to 31 December 2021. Data gathered included diagnoses documented
in the EMR and blood tests in the year prior. As all data were from before any possible
COVID-19 infection, there were no concerns regarding a confounding effect of COVID-19
on laboratory results. Based on ICD-9 coding, patients diagnosed with IBD were compared
to a healthy controls. ALT levels were divided into three groups, low (ALT < 10 IU/L),
normal (10-40 IU/L), and high (ALT > 40 IU/L). As high ALT levels point to liver disease,
patients with ALT > 40 were excluded from the study [28].

Within the IBD cohort, various inflammatory and metabolic markers correlated with
disease activity were compared between patients with low ALT with those with normal
ALT. Patients with ICD-9 diagnoses of chronic liver disease, cirrhosis, a diagnosis of both
CD and UC (indeterminate IBD), ALT > 40 IU/L, those who did not have an ALT level
from the year prior to the study cohort, and those of age < 18 were excluded.

The study was conducted in accordance with the Declaration of Helsinki and approved
by the research ethics committee and internal review board of Meuhedet HMO (02-24-08-20).
Helsinki approval was granted on 2 September 2020.
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Statistical Analysis

For descriptive analyses, counts and percentages were used for categorical variables.
Continuous normally distributed variables were summarized as means & standard de-
viations (SD). Variables not normally distributed were summarized as medians with an
interquartile rang. The Chi-squared test was used to compare categorical variables; Stu-
dent’s t-test was used to compare means of normally distributed continuous variables;
and the Wilcoxon rank test was used for variables not normally distributed. Multivariate
logistic regression was performed to assess the association of IBD with low ALT while
controlling for age, gender, smoking status, socioeconomic status (SES), and sector. The
SES index is an integral part of the Meuhedet HMO electronic database and is provided by
Points Location Intelligence (https:/ /points.co.il/ (accessed on 4 March 2024)), being rated
on a scale of 1-10. The index uses data that include average family size, income, educational
level, unemployment rate, number of cars per family, and median age in the specific area
in which the patient lives. Sector was categorized into Arab, ultra-orthodox Jewish, and
orthodox/secular Jewish and is loosely identified based on the clinic’s location. For the
analysis within the IBD cohort, multivariate linear and logistic regression models were
constructed to evaluate the association between low ALT and different laboratory outcomes
such as serum albumin, fecal calprotectin (FC), vitamin B12, ferritin, C reactive protein
(CRP), and low vitamin D (>20 ng/mL). Additionally, 1:2 propensity score-matching (PSM)
was used to compare patients based on age, sex, disease type, BMI, smoking, SES, and
sector. Inflammatory and metabolic biomarkers were compared using a paired t-test or chi-
square tests according to the compared variable. A p-value of less than 0.05 was considered
statistically significant in all analyses. Statistical analysis was performed using R software
version 3.6 (R Development Core Team, 2018).

3. Results

Starting from a total of 976,615 patients in the database, 233,451 patients remained
after application of the exclusion criteria. Compared with patients with normal ALT, those
with low ALT were younger (45.72 &+ 22.84 vs. 46.90 & 18.47, p-value < 0.001), more likely
to be female (11,222 (83.8%) vs. 134,462 (61.1%), p-value < 0.001), and had a lowerBMI
(25.62 £ 5.66 vs. 26.78 £ 5.41 p-value < 0.001). Additional comparisons are described in
Table 1.

Low ALT was more common amongst patients with IBD (7.76% vs. 5.7% p-value < 0.001),
which also remained statistically significant after application of multivariate logistic regres-
sion including age, gender, smoking, BMI, socioeconomic status, and sector (OR 1.51, 95%
CI 1.29-1.76, p-value < 0.001).

Amongst patients with established IBD, 1869 (66.58%) had CD and 938 (33.44%) had
UC. Amongst those with CD, 148 (7.9%) had ALT < 10, and 1721(92.1%) had normal ALT.
The proportion of females was higher in the low-ALT group (111 (75.0%) vs. 898 (52.2%)
p-value < 0.001), and BMI was lower (23.35 &= 4.81 vs. 25 &+ 5.25, p-value < 0.001). Age and
smoking were not significantly different between the two groups. Amongst patients with
UC, 69 (6.9%) had low ALT and 930 (93.1%) had normal ALT. Amongst patients with UC,
compared to those with normal ALT, patients with low ALT were younger (42.43 £+ 19.53
vs. 48.98 £ 17.51, p-value = 0.003), more likely female (82.6% vs. 48.98%, p-value < 0.001),
and had a lower BMI (24.19 + 5.27 vs. 25.72 4+ 4.77, p-value = 0.029). See Table 2 for
additional comparisons.

Table 1. Comparison of demographic and medical history of the study population with low and
normal ALT levels.

ALT <10 10 < ALT < 40 p-Value
N 13,391 220,060
Age (mean £ SD) 45.72 £ 22.84 46.90 £+ 8.47 <0.001
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Table 1. Cont.

ALT <10 10 < ALT <40 p-Value
Female 11,222 (83.8%) 134,462 (61.1%) <0.001
BMI (mean =+ SD) 25.62 + 5.66 26.78 + 5.41 <0.001
Smoking 1360 (10.2%) 29,371 (13.3%) <0.001
Sector (%) <0.001
Arab 2669 (19.9%) 38,413 (17.5%)
Non Arab, Non Ultra-Orthodox 7632 (57.0%) 135,592 (61.6%)
Ultra-Orthodox 3088 (23.1%) 45,990 (20.9%)
Socioeconomic Status (mean + SD) 5.03 (2.03) 5.29 (2.05) <0.001
IBD (%) 217 (1.6%) 2580 (1.2%) <0.001
Hypertension (%) 1432 (10.7%) 20,393 (9.3%) <0.001
Diabetes Mellitus (%) 1715 (12.8%) 23,413 (10.6%) <0.001
Ischemic Heart Disease (%) 837 (6.3%) 11,072 (5.0%) <0.001

BMI—Body mass index, IBD—Inflammatory bowel disease.

Table 2. Comparison of demographic and laboratory parameters in IBD patients with low and normal

ALT levels.
Crohn’s Disease Ulcerative Colitis
p -Value in p-Value in
ALT <10 10 < ALT <40 p-Value Multivariate ALT <10 10 < ALT <40 p-Value Multivariate
Regression Regression
n 148 1721 69 859

Age (mean + SD)  39.99 + 17.21 41.33 +16.20 0.337 4243 +19.53 49.27 + 17.60 0.002

Female (%) 111 (75.0%) 898 (52.2%) <0.001 57 (82.6%) 473 (55.1%) <0.001

BMI (mean + SD)  23.35 + 4.81 25.02 + 5.25 0.001 2419 + 527 25.60 + 4.70 0.041

Smoking (%) 16 (10.8%) 250 (14.5%) 0.263 9 (13.0%) 66 (7.7%) 0.18
Sector (%) 0.08 0.526
Arab 8 (5.4%) 141 (8.2%) 6 (8.7%) 64 (7.5%)
Non Arab/non o o o o
UltraOrthodox 92 (62.2%) 1155 (67.1%) 45 (65.2%) 615 (71.6%)
Ultra-Orthodox 48 (32.4%) 425 (24.7%) 18 (26.1%) 180 (21.0%)
. 223.00 [63.45, 98.50 [31.98, 226.50 [143.00, 107.00 [40.85,

FC (median [IQR]) 631.50] 324.00] <0.001 0.009 537.00] 499.50] 0.057 0.69
FC > 150 (%) 41 (57.7) 301 (39.2) 0.004 0.016 19 (73.1) 105 (46.1) 0.016 0.015
CRP (median 9.10 [3.22, 4.50[1.90,

[1OR]) 19.33] 3.20 [1.30, 8.30] <0.001 <0.001 11.62] 2.30 [1.00, 6.20] 0.001 <0.001

Albumin (median 3.90 [3.60, 4.00 [3.62,

[1OR]) £20] 4.30 [4.00, 4.50] <0.001 <0.001 418] 4.30 [4.10, 4.40] <0.001 <0.001
Platelet (median ~ 295.00 [215.75,  260.00 [216.00, 286.00 [234.00,  253.00 [209.00,
[IQR]) 356.00] 311.00] 0.003 0.001 342.00] 302.00] 0.002 0.054
Hemoglobin 12.20 [11.47, 13.60 [12.60, 12.40 [11.60, 13.60 [12.60,
(median [IQR]) 13.00] 14.70] <0.001 <0.001 13.20] 14.60] <0.001 <0.001
Vitamin D < 20
‘nagn;;rrl‘L (02) 38 (49.4) 324 (34.6) 0.014 0.012 17 (53.1) 157 (33.5) 0.04 0.22
V“amirzo}f)lz <280 39 (37.5) 290 (28.8) 0.082 0.016 12 (30.0) 101 (20.0) 0.192 0.29

FC—fecal calprotectin, SD—standard deviation., IQR—interquartile range.

3.1. Association with Inflammatory Biomarkers

Amongst patients with CD and low ALT, median fecal calprotectin was higher at
223.00 pg/mg [63.45-631.50] vs. 98.50 [31.98-324.00], p-value < 0.001, Figure 1A), as were
CRP (9.10 mg/L [3.22-19.32] vs. 3.20 [1.30-8.30], p-value < 0.001, Figure 1B) and platelet lev-
els (295,000 U/mL [215,750-350,000] vs. 260,000 U/mL [216,000-311,000], p-value = 0.003,
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Figure 2) compared to those with normal ALT. Additionally, the proportion of patients
with elevated FC (>150 ug/mg) was higher in the low-ALT group (27.7% vs. 17.48%,
p-value = 0.004). These findings were consistent when using a multivariate linear regres-
sion model controlling for age, gender, smoking status, BMI, socioeconomic status, sector,
and IBD disease (Table 2).
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Figure 1. Fecal calprotectin (A) and CRP levels (B) amongst patients with UC and CD with low and
normal ALT.

In patients with UC, low ALT was associated with higher FC (226.50 ug/mg
vs. 107.00 [40.85-499.50], p-value = 0.057, Figure 1A), higher CRP (4.50 mg/L [1.90-11.62]
vs. 2.30 [1.00-6.20], p-value < 0.001, Figure 1B), and a higher platelet count (286,000
U/mL [234,000-342,000] vs. 253,000 [209,000-302,000], p-value = 0.002, Figure 2). The
proportion of patients with elevated FC (>150 ug/mg) was also higher (27.56% vs. 13.38%,
p-value = 0.015) in patients with low ALT. These findings were consistent when using a
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multivariate linear regression model controlling for age, gender, smoking status, BMI,
socioeconomic status, sector, and IBD disease (Table 2).
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Figure 2. Platelet levels amongst patients with UC and CD with low and normal ALT.

3.2. Association with Metabolic Markers

Amongst patients with CD and low ALT, serum albumin (3.90 g/dL [3.60—4.20] vs. 4.30
[4.00-4.50], p-value < 0.001, Figure 3A) and hemoglobin levels (12.20 g/dL [11.47-13.00]
vs. 13.60 [12.60-14.70], p-value < 0.001, Figure 3B) were lower when compared to those in
the normal group. A low vitamin D level (<20 ng/mL) was more common in the low ALT
group (49.4% vs. 34.6%, p-value < 0.001, Figure 4). These findings remained statistically
significant after application of a linear regression model controlling for age, sex, smoking
status, type of IBD disease, BMI, SES, and sector (Table 2).
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Figure 3. Cont.
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Figure 3. Serum albumin (A) and hemoglobin (B) amongst patients with UC and CD with low and
normal ALT.
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Figure 4. Proportion of patients with serum vitamin D levels < 20 ng/mL amongst low- and normal-
ALT groups.

Amongst patients with UC, low ALT was associated with lower albumin (4.00 g/dL
[3.62—4.18] vs. 4.30 [4.10—4.40], p-value < 0.001, Figure 3A) and lower hemoglobin (12.40 g/dL
[11.60-13.20] vs. 13.60 [12.60-14.60], p-value < 0.001, Figure 3B). A low level of vitamin D
(<20 ng/mL) was more common amongst patients in the low-ALT group (53.1% vs. 33.5%,
p-value = 0.04), see Figure 4.
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3.3. Propensity Score-Matching

Using a propensity score-matched algorithm, 134 subjects with IBD and low ALT were
compared to 268 patients with normal ALT. In this cohort, there was no significant difference in
age, gender, BMI, sector, socioeconomic status, and smoking status. In the low ALT group, fecal
calprotectin, serum CRP, and platelet count were higher (205.50 g/mg [71.90-793.00] vs. 115.00
[40.70-389.00], p-value = 0.005, 6.90 mg/L [2.10-15.70] vs. 3.10 mg/L [1.17-8.10], p-value < 0.001,
306,500 U/mL [244,000-364,000] vs. 269,500 U/mL [225,000-319,250], p-value = 0.001, respec-
tively). Regarding metabolic biomarkers, patients with low ALT had lower albumin (4.00
[3.69-4.20] vs. 4.20 [4.00—4.40], p-value < 0.001.), see Table 3. Table 4 describes the same cohort
with patients only compared to those with the same disease. Despite the smaller sample size in
this comparison, the results were overall still statistically significant.

Table 3. Propensity score-matched cohort.

ALT <10 10 < ALT <40 p-Value
N 134 268
Age (mean =+ SD) 38.66 (16.75) 39.38 (16.36) 0.615
Female (%) 212 (79.1%) 216 (80.6%) 0.747
BMI (mean + SD) 23.44 (4.90) 23.65 (4.77) 0.627
Ulcerative Colitis (%) 84 (31.3%) 84 (31.3%) 1
Smoking (%) 34 (12.7%) 29 (10.8%) 0.592
Sector (%) 0.905
Arab 22 (8.2%) 23 (8.6%)
Non Arab/non Ultra-Orthodox 170 (63.4%) 165 (61.6%)
Ultra-Orthodox 76 (28.4%) 80 (29.9%)
SES (mean + SD) 5.51 (2.10) 5.45 (2.10) 0.743
CRP (median [IQR]) 6.90 [2.10, 15.70] 3.00 [1.00, 8.10] <0.001
Fecal Calp f{’é‘;c]t;n (median 205.50 [71.90,793.00]  111.00 [40.70, 461.00] 0.006
FC > 150 (%) 86 (61.4%) 55 (44.0%) 0.007
Albumin (median [IQR]) 4.00 [3.69, 4.20] 4.20 [4.00, 4.40] <0.001
Platelets (median [IQR]) 306.50 [244.00, 364.00]  265.00 [223.00, 319.00] <0.001
Vitamin B12 (median [IQR])  327.00 [238.00, 438.75] ~ 384.00 [282.25, 514.75] 0.003
Vitamin D < 20 ng/mL (%) 78 (52.7%) 57 (36.3%) 0.006

SES—socioeconomic status, CRP—C reactive protein. IQR—interquartile range.

Table 4. Propensity score-matched cohort according to specific disease.

Ulcerative Colitis

Crohn’s Disease

ALT <10 10 < ALT <40 p-Value ALT <10 10 < ALT <40 p-Value
n 42 84 92 184
Age (mean =+ SD) 38.90 (19.38) 43.49 (18.55) 0.119  38.54 (15.46) 37.50 (14.94) 0.511
Female (%) 70 (83.3%) 75 (89.3%) 0.369 142 (77.2%) 141 (76.6%) 1
BMI (mean + SD) 24.18 (5.30) 23.74 (4.22) 0.551 23.11 (4.69) 23.61 (5.02) 0.326
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Table 4. Cont.

Ulcerative Colitis

Crohn’s Disease

ALT <10 10 < ALT <40 p-Value ALT <10 10 < ALT <40 p-Value
Smoking (%) 12 (14.3%) 3 (3.6%) 003 22 (12.0%) 26 (14.1) 0.642
Sector (%) 0.604 0.53
Arab 8 (9.5%) 5 (6.0%) 14 (7.6%) 18 (9.8%)
Non Arab/non o o o o
Ul omtono 52 (61.9%) 57 (67.9%) 118 (64.1%) 108 (58.7%)
Ultra-Orthodox 24 (28.6%) 22 (26.2%) 52 (28.3%) 58 (31.5%)
SES (mean + SD)  5.33 (2.04) 5.83 (2.11) 0121 559 (2.13) 5.27 (2.08) 0.152
CRP (median [IQR])  3.75[1.90,12.30]  2.65 [0.90, 6.50] 0.007 8.15[2.82,1692] 3.10[1.17,8.72] <0.001
Fecal Calprotectin ~ 224.00 [159.75,  74.60 [40.70, 000g  193:00[59.75, 141.00 [41.18, 0.074
(median [IQR]) 734.75] 490.50] : 911.50] 442.50] :
FC > 150 (%) 30 (78.9%) 10 (32.3%) <0.001 56 (54.9) 45 (47.9) 0.4
Albun[‘lgér]‘)‘edla“ 4.00[3.70,4.11]  4.20 [4.00, 4.40] 0.001 4.00[3.67,4.23]  4.20 [4.00, 4.40] <0.001
Platelets (median  302.00 [244.00,  270.00 [218.00, 00ps 30650[24350,  264.00 [228.00, 0,001
[IQR]) 354.00] 315.25] : 365.00] 321.25] :
Vitamin B12 (median ~ 310.00 [262.00,  413.00 [358.75, 00s 32750122475, 36450 [272.75, 0.026
[IQR]) 488.00] 527.50] P 430.50] 501.50] :
Vitamin D < 20 o o o o
ng/mL (%) 22 (55.0%) 18 (39.1%) 0209 56 (51.9%) 39 (35.1%) 0.018

4. Discussion

Alanine aminotransferase (ALT) is a pyridoxal enzyme that catalyzes the reversible
interconversion of L-alanine and 2-oxoglutarate to pyruvate and L-glutamate. Serum ALT
is generally used to assess liver health. The reported prevalence of IBD-associated hepato-
biliary diseases and resulting elevated liver enzymes ranges from 3% to greater than 50%
depending on the exact definition used [29]. Elevated liver enzymes can be attributed to
multiple etiologies including fatty liver disease [30], drug-related liver injury [31-34], use
of total parenteral nutrition (TPN) [35], systemic inflammatory processes [36], cholelithia-
sis [23], and primary sclerosing cholangitis [37]. Liver enzyme abnormalities were observed
in adults and children with IBD [36]. In a retrospective study of 383 newly diagnosed adult
patients with CD, elevated liver enzymes at diagnosis predicted a more complicated course
including hospitalizations, surgeries, and mortality [24]. In a recent study by Yanai et al.,
serum ALT > 25 IU/L was incorporated as part of a predictive model for complicated
disease in treatment naive IBD patients [38].

Multiple studies have shown that low ALT is associated with frailty, sarcopenia, and
increased mortality [13,14]. However, the prevalence and effect of low ALT in patients with
IBD have not been adequately investigated. In a small study amongst pediatric patients
with patients, almost half were reported to have ALT < 5IU/L (29% at initial admission,
18% during follow-up) [26]. A Danish study performed on 127 adults with IBD found
that almost all the patients with CD had subnormal ALT on at least one occasion across a
10-year follow-up. Only one patient with UC had a subnormal ALT. It should be noted that
patients older than 50 years were excluded from the study, a population where low ALT is
more common [27].

In this current population-based study, we showed that low ALT levels are more com-
mon in patients with IBD than in the general population. This finding remained statistically
significant after controlling for multiple covariates such as age, gender, socioeconomic
status, and sector. In our cohort, the overall prevalence of low ALT amongst patients with

133



J. Clin. Med. 2024, 13, 1869

IBD was much lower than previous reports. Possible explanations for this disparity may be
the shorter duration of follow-up, the more restricted definition of low ALT, and the larger
cohort included in our study:.

It should be noted that while other liver enzymes exist, such as aspartate amino-
transferase (AST), only two patients in our IBD cohort had AST levels < 10 IU/L. This
may point to ALT being a more sensitive biomarker than IBD-related inflammatory and
metabolic markers.

Our study shows that amongst patients with IBD, low ALT levels was associated with
increased inflammatory markers such as FC, CRP, and platelet count, and with decreased
metabolic markers such as hemoglobin, albumin, and vitamin D.

Low ALT was found to be associated with a significant risk of relapse, steroid depen-
dency, and a low level of albumin, hemoglobin, folic acid, and penetrating phenotype in a
small cohort of pediatric patients with IBD [21]. Low ALT has been proposed as a surrogate
marker for low muscle mass and sarcopenia [39], and patients with low ALT have a lower
L3 muscle mass index [40]. In patients with IBD, multiple studies have demonstrated an
increased incidence of sarcopenia amongst patients with active disease [6,41]. Thus, we can
hypothesize that IBD patients’ low ALT levels in our cohort may be related to IBD activity
and attributable to sarcopenia.

The most common nutrient deficiencies in IBD are of iron, vitamin B12, vitamin D,
vitamin K, folic acid, selenium, zinc, vitamin B6, and vitamin B1 [34]. The ALT enzyme
requires active vitamin B6 to function; thus, vitamin B6 deficiency may decrease ALT levels
in inflammatory diseases, as well as in elderly patients and individuals suffering with
alcohol addiction [42,43]. Nutritional deficiencies are more common in CD than in UC [44],
as well as in active disease vs. remission. Thus, the higher prevalence of low ALT in CD
patients in our study is consistent with this pattern. Although smoking likely lowers ALT
in healthy patients and increases it in people with liver disease [45], the multivariate logistic
regression model used in the current study controlled for smoking as an effecting factor.

The strength of this study is its large and heterogenous population, with data extracted
from a national health insurance provider covering a diverse range of populations. Mul-
tivariate analysis and propensity score-matching methods were employed to reduce the
influence of potential confounders. The results showed a consistent correlation between
low ALT and inflammatory and metabolic markers.

This work has several limitations. Its retrospective nature and the absence of endo-
scopic evidence of IBD activity may lead to misguided conclusions. Additional research is
needed to investigate whether low ALT can predict treatment failure and the frequency of
flare ups. We also did not introduce any direct evidence linking low ALT with sarcopenia,
for example, from imaging or muscle strength tests. Hence, this link remains a hypothesis
warranting further studies.

5. Conclusions

In conclusion, in this large population-based cohort, low ALT, defined as ALT <10 IU/L,
is more prevalent in patients with IBD and associated with low BMI, increased inflammatory
markers, and low metabolic indices. Low ALT can be used as a surrogate for disease activity
and metabolic deficiencies in patients with IBD.
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Abstract: Background/Objectives: Inflammatory bowel diseases (IBDs) are chronic disorders that
require close monitoring with imaging techniques such as magnetic resonance enterography (MRE).
Standardization of radiological reports is crucial for the optimal management of IBD. We surveyed
Italian radiologists regarding their experiences with MRE examinations and reporting for IBD.
Methods: All members of the Italian Society of Medical and Interventional Radiology (SIRM) were
invited to complete an anonymous questionnaire in April 2023. Comparison tests between variables
were assessed using the x? test or Fisher exact test according to the least frequency group. Significance
level was set for p-value < 0.05. Results: A total of 253 radiologists responded to the survey. Around
70% of the respondents declared personal clinical experience with IBD. Great agreement with the
items included and described for both disease activity (i.e., intestinal wall thickness, presence of
mucosal ulcers, presence of edema, mucous enhancement) and complications was reported. One-
third of the respondents regularly used a structured MRE report. Centers with a high number of IBD
patients per year (>1000) mostly used 3 T scanners or both 1.5 T and 3 T scanners (p < 0.001). The
incorporation of scores of disease activity was associated with university and high-volume hospitals
(p <0.001). Conclusions: This survey highlighted the current routine practice and experience of MRE
reports of IBD patients among Italian radiologists. We found deficiencies in the use of radiological
scores in MRE reports and attendance at IBD multidisciplinary meetings.

Keywords: reporting; cross-sectional imaging; magnetic enterography; inflammatory bowel
disease; survey

1. Introduction

Inflammatory bowel diseases (IBDs) are chronic, disabling, and incurable conditions
of the gastrointestinal tract that exhibit a relapsing—remitting behavior [1]. The burden of
IBDs is rising globally, and the prevalence in Europe and the United States is estimated at 1
in every 200-300 people [2].

Close monitoring and adequate assessment of response to therapy through objective
measures are currently the backbone of managing IBDs [3,4]. Cross-sectional imaging
methods, including intestinal ultrasound (IUS), magnetic resonance enterography (MRE),
and computed tomography (CT), have been demonstrated as being highly accurate for the
diagnosis and assessment of disease activity and severity, and for detecting complications
in IBDs [5,6]. The pooled sensitivity and specificity of cross-sectional imaging are estimated
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to be >85% and >95%, respectively, with few differences among the techniques regarding
disease extension, location, severity, and complications [7].

Several studies have demonstrated that the achievement of transmural healing, along-
side with mucosal healing, is a complementary predictor of better long-term clinical out-
comes in CD (i.e., lower risk of hospitalization, surgery, and/or corticosteroid use) [8-10].
Indeed, transmural healing, evaluated through MRI and defined as a bowel thickness
<3 mm, without an increased T2 mural intensity or increased contrast enhancement on
T1 sequences, was associated with reduced hospitalization rates, surgery, and treatment
escalation over 5 years of follow-up in CD patients [8].

At present, the regular assessment of radiological response is recommended after
therapy starts, with modification and/or escalation in IBD patients, especially in CD [4].

Recently, both gastroenterological and radiological societies have published guidelines
that establish technical standards for cross-sectional imaging in IBD, define parameters,
and indicate how to report the results [11-13]. Standardization of radiological reports is
crucial for the optimal management of IBD in order to reliably guide therapeutic decision
making. At present, there are no national guidelines regarding radiological monitoring
in patients with IBD and the behavior of Italian Centers towards MRE in IBD patients is
unknown. The aim of this study was to investigate technical and reporting standards in the
use of MRE among Italian radiologists involved in the management of IBD patients. We
evaluated radiologists” experiences with MRE examinations for IBD and with the reporting
of MRE results by surveying members of the Italian Society of Medical and Interventional
Radiology (SIRM).

2. Materials and Methods

To explore the application of MRE in the assessment of IBD patients by Italian radiolo-
gists, we developed an anonymous survey that was endorsed by SIRM. The questionnaire
was developed using a dedicated software platform (Google forms, Google, Mountain
View, CA, USA) and was anonymous.

2.1. Participants

In April 2023, a sample of SIRM members received an email invitation to complete the
survey (n = 934). The survey remained available for 14 consecutive days, and participants
could access it only once. A reminder was sent 4 days before the survey’s closure. All
completed questionnaires were included in the analysis.

2.2. Procedures

To estimate the time needed to complete the survey (approximately 6-8 min), we asked
10 colleagues to time themselves on a test run before opening the survey to SIRM members.

The survey comprised 21 multiple choice questions, of which 14 permitted only one
answer and 7 permitted more than one. The questionnaire was administered in Italian,
while an English translation is provided in Table 1.

Table 1. Questions and items included in the administered questionnaire.

A Northern Italy
Q1 Where do you work? B. Center Italy
C. Southern Italy and islands
A.  <35years
Q2 How old are you? B. 35-50 years
C. >50 years
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Table 1. Cont.

A. Hospital doctor
Q3 What is your qualification? B. Resident
C. Independent practitioner
A. Public Hospital
e B. University Hospital
?
Q4 In what type of facility do you work? C Private Hospital /Clinic
D.  Non Hospital structure
A. <100
Q5 How many patients with IBD are treated at your B. 100-500
Center annually? C. 500-1000
D.  >1000
A. <1
Q6 How many MRE are performed at your Center weekly  B. 2-3
(only for patients with IBD)? C. 4-5
D. >5
Which magnetic field is used in your Center for A 15Tesla
Q7 enteric MRI? B. 3 Tesla
’ C. 1.5 and 3 Tesla
. . A. Yes
?
Q8 Do you have experience in IBD? B. No
A. <5 years
Q9 If yes, how many years have you been involved in IBD?  B. 5-10 years
C. >10 years
A. Yes
Q10 Do you usually use a structured report for MRE of B. Upon request
patients with IBD? C. Only for clinical trials
D. No
A. Clinical indications
Among general findings, what is included in your B. Technical details
Q11 Center’s reports for MRE of patients with IBD C. Oral contrast volume
(multiple answers possible)? D. IBD clinical characteristics
E. None of the above
In the assessment of disease activity, which of the A. Presence of stenosis, fistulas or abscesses
. . . B. Mucosal enhancement
following parameters are included in your Center . .
Q12 . . . ; C. Intestinal wall thickness
in the reports of MRE of patients with IBD (multiple
. D. Presence of edema
answers possible)?
E. Presence of mucosal ulcers
A. Extra-intestinal characteristics (e.g., reactive
lymphadenopathy, perivisceritis)
In the assessment of disease activity, what other findings  B. Longitudinal extension of inflamed intestinal tract
Q13 are included in your Center in the reports of MRE of C. DWI characteristics
patients with IBD (multiple answers possible)? D. Hyperenhancement
E. Signs of sacroiliitis
E None of the above
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Table 1. Cont.

. . . A. Yes
Q14 ]?o you usually quantify numerically the wall thickness B. Upon request
(in mm)?
C. No
A. Location of stenosis
. . . . B. Lengths of stenosis
In the evaluation of stenosis, which of the following C e
. . . . C. Presence of pre-stenotic dilation
Q15 findings are included in your Center in the reports of ; .
MRE of patients with IBD (multiple answers possible)? D. Number of intestinal stenoses
" E Degree (diameter) of pre-stenotic dilation
E. None of the above
A.  Presence of adjacent fistulas/abscesses to the stenosis
In the evaluation of stenosis, which of the following B. Presence of signs of active inflammation
Q16 findings are included in the reports of MRE of patients within the stenosis
with IBD at your Center (multiple answers possible)? C. Relation to surgical anastomosis (if present)
D.  None of the above
A. Localization
B. Dimensions (in mm or cm)
In the evaluation of abscesses, which of the following C. Possible relations with fistula/s
Q17 findings are included in the reports of MRE of patients ~ D. Possible relations with surgical anastomoses
with IBD at your Center (multiple answers possible)? (if present)
E. Morphology
E. None of the above
Do you use scores in the assessment of IBD A Yes, at least one .,
Q18 B. Only upon gastroenterologist’s request
at your Center?
C. No
If yes, which scores are usually included A MaRIA seore
Q19 (multiple possible)? B. MaRIA simplified score
plep ’ C.  MEGS score
A. Very confident
Q20 How confident do you feel with MaRIA or MaRIAs? B. Rather confident
C. Non confident
A.  Always
B. Only for complex cases and if invited by colleagues
Q21 Do you participate as a radiologist in multidisciplinary =~ C. I'm interested, but I'm not involved
IBD meetings? D.  I'mnot interested
E. Multidisciplinary IBD meetings is not present

in my center

IBD: inflammatory bowel diseases; MRE: magnetic enterography; MaRIA: Magnetic Resonance Index of Activity;

MEGS: magnetic resonance global score.

Overall, 10 questions inquired about the respondents” demographics (age, professional
qualifications, experience in MRE for IBD) and work setting, whereas 11 questions focused
on the use of MRE for IBD (i.e., machines and protocols) and the reporting of these results
(i.e., items assessed and described in the radiological report for disease activity, severity,

and complications) (Table 1).

Statistical analyses were performed on survey answers as categorical data. Data were
described as absolute count and relative percentages. Comparison tests between variables
were assessed using the x> test or Fisher exact test according to the least frequency group.

A significance level was set for p-value < 0.05.
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3. Results
3.1. General Questions, Experience in IBD, Characteristics of the Centers

A total of 253 radiologists responded to the survey (response rate 21.7% of the invited),
and 45.3% of respondents had an age between 35 and 50 years (1 = 115). The study group
comprised 191 radiologists (75.5%) and 62 radiology residents (24.5%). Just under half of
respondents (n = 119; 47.1%) worked in a public hospital, while 92 (36.3%) worked at a
university hospital and 42 (16.6%) worked at a private hospital or clinic. The respondents
worked across Italy, and 188 (74.3%) claimed to have experience with IBD. Table 2 elucidates
the main characteristics of the study population.

Table 2. Characteristics of the radiologists who responded to the questionnaire and of their work

settings.
Characteristics n =253
n (0/0)
Age class
<35 years 79 (31.1)
35-50 years 115 (45.3)
>50 years 59 (23.6)
Professional qualification
Radiologist 191 (75.5)
Hospital doctor 166 (86.9)
Independent practitioner 25 (13.1)
Radiology resident 62 (24.5)
Site of employment
Public hospital 119 (47.1)
University hospital 92 (36.3)
Private hospital or clinic 34 (13.4)
Non-hospital structure 8(3.2)
Geographic area of work
Northern Italy 113 (44.9)
Central Italy 66 (26.0)
Southern Italy or islands 74 (31.1)
Experience with IBD
Yes 188 (74.3)
No 65 (25.7)
Duration of IBD experience, years
<5 68 (36.2)
5-10 59 (31.4)
>10 61 (32.4)
Hospital case load of patients with IBD, number per year
<100 97 (38.3)
100-500 80 (31.6)
500-1000 47 (18.6)
>1000 29 (11.5)
Hospital case load of MRE examinations for IBD, number per week
<1 74 (29.2)
2-3 95 (37.6)
4-5 35(13.8)
>5 49 (19.4)
Participation in multidisciplinary IBD meetings
Yes, always 25(9.9)
Mainly for complex cases and when invited by colleagues 29 (11.5)
I'm interested, but I'm not involved 43 (17.0)
I'm not interested in participating, although there is a 24 (9.5)
multidisciplinary IBD meeting in my center '
No, because multidisciplinary IBD meetings are not held 132 (52.1)

in my center
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Table 2. Cont.

Characteristics n=253
n (0/0)
MRI scanner’s magnetic field
1.5 Tesla 189 (74.7)
3 Tesla 26 (10.3)
1.5 and 3 Tesla 38 (15.0)

MRI: magnetic resonance imaging; IBD: inflammatory bowel disease.

In terms of the participants’ place of work, 97 respondents (38.3%) worked in a setting
with an IBD case load below 100 patients/year, and 80 respondents (31.6%) reported a
case load between 100 and 500 patients/year, whereas 76 respondents (30.1%) reported
a case load above 500 patients/year. Regarding the clinical management and discussion
of imaging findings, 121 respondents (47.8%) indicated having a multidisciplinary IBD
meeting in their hospital, with a higher presence in university hospitals compared with
public hospitals: 76.1% and 30.0%, respectively (p < 0.001).

MRE examinations were mostly performed on 1.5 T MRI scanners (1 = 189, 74.7%),
while small numbers of respondents indicated that they used both 1.5 and 3 T scanners
(38/253, 15.0%) or only 3 T scanners (26/253, 10.3%). The use of 1.5 T and 3 T scanners was
found to be different among Centers with a higher percentage of 1.5 T in public (87.5%) and
non-hospital Centers (87.5%) (p < 0.001), whereas 3 T scanners were mostly used in private
hospitals (23.5%) and university hospitals (12.0%) (p < 0.001). Notably, Centers with high
numbers of patients with IBD per year (>1000) were mostly associated with 3 T scanners
(17.2%) or both 1.5 T and 3 T scanners (48.3%) (p < 0.001).

Figure 1 summarizes the answers to questions regarding the assessment of disease
activity and complications.

A Q2 Inthe assessment of disease activity, which of the follgwmg B Q13 In the assessment of disease activity, what other findings
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Figure 1. Details of answers to questions regarding assessment of disease activity and complications.
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In Figure 1, the main items investigated through the questions are about disease
activity and complications. In Q12 (panel A), the general features of transmural activity
were asked to the participants (i.e., intestinal wall thickness, mucosal enhancement, mucosal
ulcers and/or complications); Q13 (panel B) addressed adjunctive radiological features of
active disease (i.e., extra-intestinal characteristics, concomitant sacro-ileitis); and Q15 and
Q17 (panels C and D, respectively) specifically addressed items included for describing
strictures and abscess/es.

3.2. Reporting Details

The second part of the questionnaire focused on MRE examinations and reports.
When asked if the results of MRE examinations for patients with IBD were reported on a
structured radiological report, only 77 respondents answered yes (30.4%). No significant
association was found between the use of structured forms and the geographical area of
Italy (p = 0.553), type of hospital (p = 0.606), or professional qualification (p = 0.442). Even
fewer respondents indicated that they routinely include IBD clinical scores in the reports (n
=26, 10.3%) or include a score only when requested by a gastroenterologist (1 = 39, 15.4%).
The use of IBD activity scores was highest among respondents based in Northern Italy
(76.9% vs. 23.1% for Central Italy, Southern Italy and islands, p = 0.004). It was also higher
for radiology residents working at university hospitals (57.7% vs. 42.3% for radiologists,
p =0.005).

Concerning the evaluation of IBD activity (Figure 1A), half of respondents (1 = 138,
54.5%) reported including all the following items: intestinal wall thickness, presence of mu-
cosal ulcers, presence of edema, mucous enhancement. Moreover, almost all respondents
include the presence of fistulas or abscesses (1 = 240, 94.9%). Approximately one-third
of the respondents (n = 77, 30.4%) include further descriptive items in the MRE report
(Figure 1B), such as extra-intestinal features (i.e., reactive lymphadenopathy, perivisceritis),
hyperenhancement, DWI features, the longitudinal extent of the inflamed intestinal tract
and signs of sacro-ileitis.

In the evaluation of IBD-related stenosis (Figure 1C), more than 86.5% (n = 219) of the
respondents include a numerical evaluation of wall thickness (in mm). More than one-third
of the respondents (1 = 109, 43.1%) consider it valuable to include the following items in
the radiology report: the number of intestinal strictures, the location of the stricture(s), the
length of the stricture(s), the presence and the degree (diameter) of pre-stenotic dilation.
Moreover, 179 (70.7%) of the respondents found it relevant to report the following findings
related to stenosis in the MRE report: the relationship to surgical anastomoses (if present),
the presence of signs of active inflammation within the stricture, and the presence of
fistulas/abscesses adjacent to the stricture.

Concerning the evaluation of abscesses (Figure 1D), 56.1% (1 = 142) included all the
following findings: location, dimensions (in mm or cm), morphology, and any relationship
with fistula(s) and with surgical anastomoses (if any). The most frequently included feature
in the report was the location of the abscess (1 = 249, 98.4%).

3.3. Structured Report, Scores of Disease Activity, and Multidisciplinary Meetings

Overall, a structured MRE report was found to be used by a small percentage of
respondents (n = 83, 32.8%). In more detail, 58 respondents (22.9% of the overall study
population, 68.8% of users) said they use it on a daily basis, whereas the remaining 25 re-
spondents use it only for clinical trials or upon gastroenterological request. Among the
respondents, no differences were found in the use of a structured report in relation to
geographical location (p = 0.553) (Figure 2), working qualification (p = 0.442), or type of
Center (p = 0.606).
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Figure 2. Percentage of usage of structured report for patients with IBD among geographical areas.

Regarding the adoption of scores in the MRE report, those sampled routinely include
IBD clinical scores in reports (n = 26, 10.3%) in their daily practice: the use of IBD activity
score/s in MRE reports is mainly adopted in the north of Italy (17.5%, p = 0.004), by
radiology residents (25.4%, p < 0.001), and in university hospital (38.4%, p < 0.001) (Table 3).

Table 3. Statistical results for structured MRE report and disease activity scores.

Adoption of Structured Adoption of Disease
MRE Report Activity Scores
Geographical Location x2 =1.20, p-value = 0.55 1 2 =15.28, p-value = 0.004 1
Responder’s Age x% =3.17, p-value = 0.21 ! x? = 15.70, p-value = 0.003 !
Type of Hospital p-value = 0.606 2 p-value = 0.005 2
Working Occupation p-value = 0.442 2 p-value = 0.004 2

1 Chi-squared test; 2 Fisher exact test.

The most adopted score is the simplified MaRIA score (1 = 12/65, 46.2%), followed by
the MaRIA score (n = 18/65, 27.7%) and MEGS (n = 1/65, 4%) (Table 3).

High confidence in MaRIA /sMaRIA score use was reported by only 8 respondents
(30.7% of users, 3.1% of all respondents), and moderate confidence was reported by
53 respondents (81.5% of users, 20.9% of all respondents) (Table 3).

Multidisciplinary IBD meetings are accessible for 121 respondents (47.6%) (Table 2).
Among those, 25 radiologists reported always participating (20.7%), 29 participate only for
complex cases (24.0%), 43 are interested but not invited (35.5%), and 24 are not interested
in participating (19.8%) (Table 2). Italian Centers in central regions (18,2%, p = 0.014), re-
spondents between ages 35 and 50 years (13.0%, p < 0.001), and those working in university
hospitals (18.5%, p < 0.001) were associated with higher participation in multidisciplinary
IBD meetings.

4. Discussion

The increased availability and the accuracy of cross-sectional imaging in detecting
complications, monitoring therapeutic response, and predicting long-term clinical outcomes
place the radiologist at center stage in the management of IBD [14].

Our survey sought to highlight the current routine practice and experience with MRE
reports for patients with IBD among Italian radiologists, highlighting high and low points.
To the best of our knowledge, this is the first survey addressed to all members of a national
Italian radiological society on this topic. This survey was mostly completed by radiologists
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with a declared personal expertise in IBD (>70% of the participants), thus representing a
close picture of the daily clinical practice in this field.

An important result of the survey is the great agreement with the items included
and described for both disease activity and complications (around 55% and 86-94% of
agreement, respectively). This result lays the foundations for homogeneous and optimal
MRE reporting among Italian radiologist with experience in IBD and can improve commu-
nication between different specialties. On the other hand, only 22.9% of the respondents
use a structured reports in their daily practice, and most of them scarcely adopt radiological
scores, with very low rates of confidence only concerning the MaRIA /sMaRIA scores. This
is a relevant drawback, since it has been demonstrated that the MaRIA score is highly
effective in detecting mucosal healing in CD [15,16], supporting its use as a therapeutic
endpoint and maybe reducing the number of colonoscopies requested for monitoring
patients. Calculating the MaRIA score can be time-consuming; however, the simplified
MaRIA, which requires less time (sMaRIA: median 4.50 min vs. MaRIA: median 12.35 min),
was thereafter developed to overcome this possible limitation [17,18] and can assess CD
activity with a high correlation with the simple endoscopic score for CD (SES-CD) and
excellent inter-rater reliability between expert and resident radiologists [6,19]. Accordingly,
our survey showed that the most used score is the sMaRIA, and the adoption of scores
was found to be most frequent among radiology residents (40.7%, p = 0.005), in university
hospitals (38.0%, p = 0.004), and in hospitals with more than 1000 patients with IBD per
year (55.2%, p < 0.001).

Another main issue of our study regards the involvement of radiologists in multi-
disciplinary IBD meetings, which appears to be higher in university hospitals compared
with public hospitals (76.1% and 30.0%, respectively (p < 0.001)). This topic should be
stressed and implemented in clinical practice as it seems that, similarly to oncology, mul-
tidisciplinary meetings can ameliorate the clinical management of IBD and represent a
standard quality of care as expressed by the European Crohn’s and Colitis Organisation
and European Society of Radiology [20-22].

Consistently with previous data [23], MRE is performed with both 1.5 T and 3 T
scanners, with a wider accessibility with 1.5 T. Few data are available on the performance
differences between the two scanners in IBD, showing a slight superiority of 3 T as concerns
the detection of mucosal ulcers [24]. In addition, 3 T displayed a shorter scan time. There-
fore, if at one’s disposal, 3 T is preferred in patients with ileo-colonic CD [24]. However,
larger studies are warranted to better assess this issue.

Our study has some limitations. First, despite the declared experience with IBD of
the participants, few highly specialized/third-level Centers were included (approximately
30% of high-volume IBD Centers [>500 patients treated yearly]). The members of the SIRM
currently number approximately 12,000, and the participants in this survey are evidently
radiologists with a specific interest in the field of IBD, with a possible associated selection
bias. Secondly, few questions addressed technical aspects regarding MRE protocol. Finally,
this survey did not separate pediatric from adult physicians, with possible mixed results.

Overall, this study helps to determine and understand the differences that exist in IBD
diagnostic strategies between Italian Centers and radiologists, emphasizing common and
widespread conduct, as well as areas for possible growth and improvement.

5. Conclusions

Our study helps provide an understanding of the current reporting standards among
Italian radiologists specifically regarding MRE in patients with IBD. These data might
improve radiology practices with respect to the incorporation of relevant items and de-
scriptions to drive medical decisions more accurately, finally improving the outcomes of
patients with IBD. According to our results, investing resources in dedicated educational
and training programs in this field appears to be of evident importance. These findings can
be used for better standardization of the reporting in MRE, specifically regarding the use of
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a structured report and the incorporation of MRE scores of disease activity, thus improving
the quality of patients’ care.
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Abstract: Objective: This study investigated the radiological, clinical, and surgical factors linked to
the risk of endoscopic recurrence following ileocolic resection for Crohn’s disease. Materials and
Methods: We conducted a retrospective analysis of data from all patients who underwent primary
ileocecal resection for Crohn’s disease in a single colorectal unit between 2004 and 2020. We analyzed
the potential risk factors subdivided by the clinical, radiological, and surgical factors associated with
morphological recurrence, as detected by endoscopy within 2 years after surgery. Cox regression was
employed to ascertain the risk factors associated with such recurrence. Results: In total, 63 patients
were included, and 24 (38%) had endoscopic recurrence. The age of the patient at the time of surgery
was identified as a significant clinical factor associated with the risk of recurrence (HR: 1.04; p =
0.003), indicating that the probability of recurrence increases by 1% as the surgical age increases each
year. The radiological factors associated with an increased risk of recurrence included localization in
the distal ileum (HR: 3.526; p = 0.015), the number of pathological small-bowel segments affected by
the disease (HR: 1.15; p = 0.004), and the total length of the pathological intestinal segment (HR: 1.002;
p = 0.014). The presence of granulomas (HR: 6.003; p = 0.004) and the length of the resected bowel
(HR: 1.01; p = 0.003) were surgical factors associated with a higher risk of recurrence. Conclusions:
This study delineated several clinical, radiological, and surgical factors that serve as predictors for
the endoscopic recurrence of Crohn’s disease after surgery.

Keywords: Crohn’s disease; postoperative recurrence; endoscopic recurrence; radiological recurrence

1. Introduction

Up to 80% of patients with Crohn’s disease (CD) undergo surgery during their lifetime,
despite improvements in medical therapy with the introduction of new drugs [1]. Moreover,
there has been important progress in surgery, with a tendency to carry out more limited
surgical demolitions and/or stricture-plastic [2].

The pre-surgical evaluation of patients with CD is complex and requires a multidis-
ciplinary approach with gastroenterologists, surgeons, and radiologists. Moreover, once
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the surgery has been performed, the clinical course of the patient is variable, with frequent
postoperative relapses or recurrence, which may require a new surgery [3]. According to
ECCO 2016 [4], the term “relapse” refers to the appearance of symptoms in a patient in
clinical remission, either spontaneously or after medical therapy, and this must be con-
firmed by laboratory tests, radiological tests, or endoscopy. The term “recurrence” must
be used to indicate the appearance of lesions after surgical therapy, and it is divided into
morphological and clinical recurrence. Clinical recurrence consists of the appearance of
symptoms in a patient undergoing surgery with complete resection of macroscopic disease.
Morphological recurrence consists of the appearance of new lesions after complete resec-
tion of macroscopic disease and usually affects the terminal ileum before the anastomosis.
Morphological recurrence is identified via endoscopy, radiology, or a new surgery.

In the literature, there are some studies that have evaluated the predictive risk factors
of recurrence on the basis of clinical and laboratory parameters [5], while the role of imaging
has not been thoroughly investigated [6], or it has been evaluated only in clinical studies [7].
The identification of patients with a high risk of recurrence is important in order to plan
the correct therapeutic strategy after surgery.

The aim of this study was to evaluate the radiological factors that can predict the
onset of endoscopic recurrence after surgery in association with clinical and surgical factors.
The secondary objective was the evaluation of the survival time to the onset of recurrence
after surgery.

2. Materials and Methods
2.1. Study Population and Data Source

We performed a monocentric retrospective study of a cohort of patients with known
Crohn’s disease, which was submitted and approved by our Ethics Committee.

In the surgery department, electronic patient records were interrogated to identify
patients who had undergone ileocolic resection for the first time between January 2014 and
December 2020. Patients with a postoperative diagnosis of ulcerative colitis or unclassified
inflammatory disease, previous surgical intestinal resection, postoperative diagnosis of
tuberculosis, and histological evidence of invasive malignancy were excluded from this
study. Patients of <18 years were also excluded. The diagnosis of Crohn’s disease was
confirmed upon review of the medical records based on standard clinical, radiological,
endoscopic, and histological reports.

For each patient, data were extracted from their medical records in the gastroenterology
department to include demographic information, the Crohn’s disease clinical setting, operative
and histological data, and medication history, while radiological exams (CT enterography,
abdomen CT, and MR enterography) were evaluated in the radiological department.

All patients had either an abdomen CT or MR enterography performed within
6 months before surgery and underwent endoscopy within 2 years after the surgery.

The CT and MR enterography were independently evaluated by 3 radiologists with at
least 10 years of abdominal radiology experience.

According to ECCO 2016 [4], we stated morphological recurrence in case of new CD
lesions after complete resection of macroscopic disease, detected by endoscopy within
2 years.

In this study, the risk factors were divided into three groups: clinical, radiological, and
surgical factors.

2.2. Clinical Evaluation

The clinical potential risk factors for the development of postoperative recurrence
evaluated in this study were (1) age at the moment of diagnosis; (2) age at the moment
of surgery; (3) gender; (4) the duration of the disease; (5) perianal disease; (6) a habit of
smoking; (7) the presence and type of extra-intestinal manifestations; and (8) the type of
medical therapy performed before surgical resection.
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2.3. Technique and Radiological Evaluation

The radiological examinations performed on the patients within 6 months before
surgery were evaluated. In the presence of multiple studies, the examination closest to the
surgery was considered.

Both the CT and MR-E exams were performed according to standardized protocols
used in our department [8,9].

In particular, the CT enterography (CT-E) exams were performed after injection of
iodinated contrast medium and acquired 75 s after intravenous injection of 100-130 mL of
iodinated contrast agent, administered in two consecutive boluses, the first bolus at a rate
of 1.5 mL/sec (comprising 1/3 of the total amount of iodinated contrast agent given to the
patient), and the second bolus at a rate of 3 mL/second (covering the remaining 2/3 of the
total amount of iodinated contrast agent given to the patient).

The MR enterography (MR-E) exams were performed before and after intravenous
administration of paramagnetic contrast medium using the following sequences: single-
shot T2-weighted and balanced steady-state free precession (bSSFP), and T2-weighted
fat-suppressed, multiphase 3D T1-weighted fat-suppressed post-contrast images. Diffusion-
weighted imaging (with values of 0-800 s/mm?) sequences were performed but not eval-
uated in this study. Enhanced sequences were performed in the arterial, venous, and
tardive phases.

In both the CT-E and MR-E, all patients had drunk a polyethylene glycol solution
(1.5-2 L) in the 30 min preceding the examination. An anticholinergic was always adminis-
tered in the MR-E exams, while it was optional in the CT-E exams, so it was not infused in
all patients.

Abdomen CT was performed before and after injection of iodinated contrast medium
and acquired 75 s after intravenous injection of 100-130 mL of iodinated contrast agent.

The following data were reported in an Excel sheet (Table 1):

Type of radiological examination (CTE; MR-E, abdomen CT);
Site of pathology;

Number of small-bowel pathological loops;

Characteristics of small-bowel pathological loops;

LS

Length of each small-bowel pathological loop.

The measurement of the extent was performed in both CT and MRI, using vessel anal-
ysis software. The CT or MR images were reconstructed with post-processing “multiplanar
reformatting” (MPR), and a specific software (Vue PACS Carestream V12) was applied to
create a virtual image that permitted us to have a tubular vision of the small-bowel loops
(Figure 1) [10]. This applied to the sum of inflammation in the discontinuous loops. The
length of each pathological loop and the sum of the lengths of the pathological segments
were calculated in patients with more than one small-bowel pathological loop.

Based on the signs described above, at the end of the radiological evaluation, a
radiological judgment was expressed on the type of disease: active inflammatory, fistulizing,
or fibrostenotic. In particular, the fistulizing subtype was identified in the presence of
fistulas, sinus tracts, or abscesses.

Table 1. Radiological findings evaluated in CT/MR-E.

Type of Radiological

Examination MR Enterography or Abdomen CT or CT Enterography

Proximal jejunum, distal jejunum, proximal ileum, distal
Site of pathological loops ileum, last ileal loop, appendix, ascending colon, transverse
colon, descending colon, sigmoid colon, and rectum

Counting as pathological any segment with radiological
signs of CD separated from another lesion by a normal
intestinal loop

Number of small-bowel
pathological loops
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Table 1. Cont.

Type of Radiological
Examination

MR Enterography or Abdomen CT or CT Enterography

Characteristics of small-bowel
pathological loops

Mural thickening: a wall thickness of more than 3 mm;
Mucosal ulcers: deep depressions in the mucosal
surface;

Bowel wall enhancement: stratified in the active
inflammatory subtype (intense enhancement of the
mucosa and serosa and low signal intensity in the
submucosa) or homogeneous in the fibrostenotic
subtype;

Halo fatty sign: the presence of fatty signals in the
submucosa;

Engorgement of the vasa recta: hyperemia of the near
mesentery;

Stenosis: upstream dilatation with a loop caliber
greater than 2 cm;

Fibrofatty proliferation: excess of mesenteric fat;
Sinus tracts: wall defects that extend outside the
intestinal wall but have no connection to an
epithelialized structure, such as adjacent organs or
skin;

Fistulas: communication with a near structure, e.g.,
entero-enteric, entero-colic, entero-cutaneous, and
entero-vesicular fistulas;

Abscesses: capsulated fluid collection near
pathological loop, which could contain air;

Lymph node enlargement: a short diameter of greater
than 1 cm;

Others: involvement of other structures, such as the
colon, appendix, genital organs, etc.;

In patients studied by MRI: bowel wall edema (a
hyperintense signal in the wall compared with the
skeletal muscle in T2-weighted sequences) and
diffusion restriction in DWI (diffusion weighted
imaging) sequences.

Length of each small-bowel

In the presence of more than one pathological loop: the
loop with greater extension;
In the presence of more than one loop affected by

pathological loop pathology: the sum of the extension of the intestinal
loops in which these segments are evident.
Active inflammatory;
Type of disease Fistulizing;
Fibrostenotic.

2.4. Surgical and Postoperative Evaluation

In an Excel sheet, we reported the type of surgery (ileocecal resection, ileocolic resec-
tion, or small-bowel resection); traditional (LPT) or laparoscopic surgery; emergency or
elective surgery; the length of the intestinal segment removed (cm); the presence of granulo-
mas in the specimen; histological signs of Crohn’s disease in the resection margins; the type
of anastomosis (stapled anastomosis or hand-sewn anastomosis); and ileostomy/colostomy.

In an Excel sheet, we reported postoperative complications. The Clavien-Dindo
system was used to evaluate the grade of postsurgical complications [11].
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Figure 1. Post-processing reconstruction of the images enabled us to generate a linear view of the

small bowel, allowing for the measurement of its length.

2.5. Statistical Analysis

The clinical and demographic characteristics of the enrolled sample are shown with
the descriptive statistics. Particularly, the quantitative variables are represented as means
=+ standard deviation (SD) or medians (IQR), as appropriate, according to the results of the
Shapiro-Wilk test.

The qualitative variables are described in terms of absolute and percentage frequencies.
The chi-squared and/or Fisher’s exact test were used to compare the categorical variables.
Student’s t-tests and the Mann—-Whitney test were used to compare the quantitative un-
paired data, as appropriate.

Kaplan—-Meier plots and log-rank tests were used to estimate and compare two or
more survival curves. Cox proportional hazard regression models were applied to the
estimated hazard ratios (HRs) and the effects of the predictor factors upon survival for
their prognostic relevance. A p-value of <0.05 was considered statistically significant. The
statistical analysis was assessed using the R software, version 4.4.0 (R Core Team (2024)).

3. Results
3.1. Baseline Characteristics

Two hundred and twenty-nine patients were identified for this study. Of these,
109 were excluded because they did not have radiological imaging within 6 months before
surgery. Of the remaining 120, 57 patients were excluded because they had not had
endoscopic exams in the two years following surgery or were lost to follow-up.

Of the remaining 63 patients who met all the criteria, 35 (55%) patients were evaluated
by MR-E, 13 (21%) by CT-E, and 15 (24%) by abdomen CT.

All patients underwent endoscopy in the two years following surgery. Endoscopic
recurrence of the disease was found in 24 patients (38%).

3.2. Clinical Evaluation

The clinical factors are described in Tables 2 and 3, particularly the following;:
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(a) Age at diagnosis and at the time of surgery: the mean age was 32 years at the time
of diagnosis (range: 10-69 years £16.1) and 40 years at the time of surgery (range:
18-70 £15.4 years).

(b) Gender: 35 males (56%) and 28 females (44%).

(c) Duration: the duration of the disease ranged from 0.5 to 46 years, with a mean of
8.4 years (+9.2 years).

(d) Perianal disease: perianal disease was present in 4 (6%) patients.

(e) A habit of smoking was present in 11 (17%) patients.

Extra-intestinal disease was present in 12 (9%) patients.

Age at the time of surgery was the only statistically significant factor (HR: 1.04; CI
1.01-1.06; p = 0.003) (Table 4).

In other words, the probability of having a recurrence increased by 1% for every year
of increase in age. The other clinical factors were not statistically significant factors. In
particular, age at diagnosis and the type of medical therapy were not statistically significant
factors (Table 4).

Table 2. Demographic characteristics of patients.

Minimum Maximum Mean Standard

(Years) (Years) (Years) Deviation
Age at diagnosis 10.7 69 31.9 16.1
Age at the moment of surgery 18 70 39.9 15.4
Duration of the disease 0.5 46 8.4 9.2

Table 3. Clinical factors and medical treatment of patients.

Number o
of Patients Percentage (%)

Male 35 55.6
Female 28 444
Smoking habit 11 17.5
Extra-intestinal manifestations: 12 9
Dermatological 2 32
Rheumatological 10 15.9
Perianal disease 4 6.3
Medical therapy:

- Anti-TNF? 11 175

- Anti-IL23° 2 32

- Anti-integrin 5 7.9

- Immunosuppressive drugs 5 7.9

- Budesonide 12 19.7

- Systemic corticosteroids 2 32

- 5-ASA ¢ 14 23

2 Anti-tumor necrosis factor; ® anti-interleukin 23; ¢ 5-acetylsalicylic acid.
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Table 4. Statistical descriptive results of enrolled sample.

HR (95% IC, p-Value)

Clinical factors:

No
Yes

Age at surgery (for each increment of one year)
Age at diagnosis

Gender

Duration of disease

Perianal disease

Habit of smoking;:

Extra-intestinal manifestations
Anti-TNF 2

Anti-IL22 P

Anti-integrin
Immunosuppressive drugs
Budesonide

Systemic corticosteroids

5-ASA ¢

1.04 (1.01-1.06, p = 0.003)
1.02 (0.99-1.04, p = 0.135)
0.80 (1.24-0.34, p = 0.601)
1.07 (1.02-1.12, p = 0.051)

NA

1.67 (0.63-4.36, p = 0.295)
3.08 (0.86-11.04, p = 0.083)

1.05 (0.41-2.67, p = 0.905)
0.91 (0.31-2.63, p = 0.860)
1.51 (0.19-11.35, p = 0.691)
0.96 (0.22-4.21, p = 0.962)
1.14 (0.25-5.02, p = 0.866)
1.08 (0.27-4.27, p = 0.905)
0.76 (0.09-5.92, p = 0.796)

1.46 (0.48-4.38, p = 0.499)

Radiological factors:

Small-bowel thickening
Mucosal ulcers

Stratified CE

Halo fatty sign
Engorgement of vasa recta
Stenosis (lumen diameter)
Caliber of upstream loop
Sinus tracts

Fistulas

Abscesses

Lymph nodes

Localization in distal ileum

Number of small-bowel pathological loops

Length of small-bowel pathological loops

0.96 (0.85-1.09, p = 0.525)
112 (0.50-2.52, p = 0.771)
NA
NA
0.44 (0.05-3.29, p = 0.425)
0.78 (0.56-1.08, p = 0.137)
1.02 (1.00-1.04, p = 0.088)
0.701 (0.31-1.63, p = 0.418)
0.807 (0.35-1.82, p = 0.609)
0.71 (0.24-2.08, p = 0.529)

2.34(0.54-9.98, p = 0.251)
3.52 (1.19-9.03, p = 0.015)
1.15 (1.05-1.27, p = 0.004)

1.001 (0.99-1.004, p = 0.452)
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Table 4. Cont.

HR (95% IC, p-Value)

- Sum of small-bowel pathological loops 1.002 (1.00-1.54, p = 0.014)
- MRI hyperintensity NA
- MRI restriction NA

Surgical factors:

- Laparotomic surgery 2.17 (0.96-4.86, p = 0.061)
- Length of resected intestine 1.01 (1.00-1.02, p = 0.003)
- Presence of granulomas 6.00 (1.05-1.27, p = 0.004)
- Histological involvement of resection margins 0.77 (0.32-1.78, p = 0.536)
- Hand-sewn anastomosis 6.67 (0.89-5.02, p = 0.033)

Postoperative evaluation:

- Complications 0.54 (0.21-1.38, p = 0.204)

2 Anti-tumor necrosis factor; ® anti-interleukin 23; ¢ 5-acetylsalicylic acid.

3.3. Radiological Evaluation

The radiological exams identified 115 small-bowel loops affected by pathology. For
each patient, the number of pathological small loops varied from 1 to 20 (medium: 3).
Table 5 shows the frequency distribution of the number of segments in our study.

Table 5. Localizations of pathological intestinal loops in CT-E and MR-E.

Number of Patients Percentage (%)
Proximal jejunum 1 1.6
Distal jejunum 5 7.9
Proximal ileum 6 9.5
Distal ileum 41 65.1
Last ileal loop 62 98.4
Involvement of other intestinal loops:

Appendix 16 25.4
Ascending colon 11 17.5
Transverse colon 3 48

Distal colon 2 32
Sigma 6 9.5
Rectum 3 4.8

The most frequent localizations were the last ileal loop (62 segments (98%)) and the
distal ileum (41 segments (65%)). Even if the radiological evaluation was aimed at studying
only the small intestine, we reported each colonic localization appreciable with the method,
identifying 41 colonic segments affected by pathology. For each patient, the number of
colonic localizations varied from zero to four (medium: one).

Concerning the radiological findings, small-bowel wall thickening was present in all
patients, stenosis in 60 (95%), and intestinal dilatation in 32 (51%).

In Table 6, the values of the wall thickening, lumen diameter, and pre-stenotic loop
caliber in all patients are reported.
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Table 6. CT/MRI small-bowel pathological loops.

Minimum Maximum Mean S::}:;Zi
Wall thickening (mm) 5 25 10.8 29
Lumen diameter (mm) 1 7 2.6 1.3
Pre-stenotic loop caliber (mm) 13 95 28.5 13.7

In Table 7, the frequency values of the radiological signs found in this study are
reported. In particular, fistulas were found in 27 patients (48%) and sinus tracts in 23 (36%).

In six patients, sinus tracts were present without associated fistulas.

Table 7. MR-E, CT-E, and CT findings (35 MR-E, 15 CT, and 13 E-CT).

Number of Patients

Percentage (%)

Mural thickening 63 100
Mucosal ulcers 27 429
Stratified CE 63 100

Halo fatty sign 3 4.8
Engorgement of vasa recta 59 93.7

Table 7. Cont.

Number of Patients

Percentage (%)

Stenosis 60 95.2
Pre-stenotic dilatation 32 50.8
Fibrofatty proliferation 8 12.7
Sinus tracts 23 36.5
Enterocutaneous fistulas 5 7.9
Entero-enteric fistulas 25 39.7
Abscesses 15 23.8

LFN 54 85.7
Occlusion 8 12.7

MRI hyperintensity 35 97.2
MRI DWI restriction 30 85.7

In patients who underwent MR-E (35 patients), an increased intramural T2 signal was
found in all patients (100%) and restricted diffusion in DWI in 30 (86%) (Table 6).

Table 8 reports the length of each small-bowel pathological loop. The sum of the patho-
logical segments is reported for patients with more than one small-bowel pathological loop.

Table 8. Extension of small-bowel disease in CT and MR exams.

Minimum Maximum Mean Star.lda'rd
Deviation
Extension of each pathological 20 600 186.1 120.4
loop (mm)
Sum of the length of 20 881 258.9 1675

pathological loops (mm)
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On the basis of the signs described above, active inflammatory disease was found in
26 (41%) patients, fistulizing in 33 (52%) patients, and fibrostenotic in 4 (6%) patients.

As complications, occlusion was present in 8 (13%) patients. None of the patients
reported perforation or bleeding.

Localization in the distal ileum (HR: 3.526; p = 0.015; 1.19-9.03) and the number of
pathological small-bowel loops (HR: 1.15; 1.05-1.27; p = 0.004) were statistically significant
radiological factors (Table 3). In other words, patients who had localization in the distal
ileum were 3.5 times more likely to develop recurrence than patients who did not have
localization in the distal ileum (Figure 2), while the probability of recurrence increased by
1% for each increase in the number of small-bowel loops.

In patients with localization in the distal ileum, the median time from ileocolic resec-
tion to clinical postoperative recurrence was 12.5 months.

The sum of small-bowel pathological loops was also a statistically significant factor
(HR. 1.002; IC: 1.00-1.54; p = 0.014). In other words, the probability of having a recurrence
increased by 1% for every increase in cm. The other radiological factors were not statistically
significant factors (Table 3).

3.4. Surgical Evaluation

Ileocecal resection was performed in 48 (76%) of patients, and the laparoscopic tech-
nique was used for 46 patients (73%). The other surgical factors are described in Table 9.
The length of the resected small bowel had a minimum of 3 cm, a maximum of 175 cm, and
a mean of 40.7 cm.
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Figure 2. Kaplan-Meier curves of probability to have a recurrence in patients with radiological distal
ileum localization (dotted black line) and patients who did not have radiological localization in the
distal ileum (continuous grey line).

Table 9. Surgical potential risk factors for postoperative recurrence.

Number of Patients Percentage (%)
Type of surgical resection:
Ileocecal resection 48 76.2
Ileocolic resection 14 222
Right hemicolectomy 1 1.6
Laparoscopic surgery 46 73
Emergency surgery 1 1.6
Histological involvement of resection margins 23 36.5

158



J. Clin. Med. 2024, 13, 6669

Table 9. Cont.

Number of Patients Percentage (%)
Type of anastomosis:
Stapled anastomosis 11 17.5
Hand-sewn anastomosis 52 82.5
Presence of granulomas in the specimen 4 26.7
Transfusions 2 3.2
Ileostomy/ colostomy 4 6.3

The length of the resected intestine (HR: 1.01; 1.00-1.02; p = 0.003) was a statistically
significant factor. In other words, the probability of recurrence increased by 1% for each cm
of increase in the length (Table 4). The presence of granulomas (HR: 6.003; IC: 1.05-1.27;
p = 0.004 (Figure 3)) and hand-sewn anastomosis (HR: 6.67; 0.89-5.02; p = 0.033) were also
statistically significant factors (Table 4). This means that the probability of recurrence was
six times more likely to be in the presence of granulomas and almost seven times more
likely to be in the case of hand-sewn anastomosis.

In patients with hand-sewn anastomosis, the median time from ileocolic resection to
clinical postoperative recurrence was 14.6 months, while it was 13.4 months in patients
with granulomas.

The other surgical factors were not statistically significant factors (Table 4).
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Figure 3. Kaplan—-Meier curves of probability to have a recurrence in patients with the presence of
granulomas in the specimens (dotted black line) and patients without the presence of granulomas

(continuous grey line).

3.5. Postsurgical Evaluation

After surgery, 22 (35%) patients had complications (Table 10). The most frequent
complication was melena/rectorrhagia in 9 (14%) patients.
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Table 10. Postsurgical complications and related Clavien-Dindo score.

Number of Patients Percentage (%)

Postoperative complications: 22 35

Anastomotic dehiscence 2 3

Sepsis 1 1

Fever (>37.5°) 9 9

Intra-abdominal fluid collection 3 5

Urinary tract infection 3 5

Anemization 5 8

Melena/rectorrhagia 9 14

Vomiting 1 1

High stomal output 1 1

Bladder globe 1 1

Hypoadrenal crisis 1 1

Resumption of parenteral nutrition 1 1

Delay of canalization 0 0
Clavien-Dindo grade:

0 41 65

1 12 19

2 7 11

3a 1 2

3b 2 3

The presence of complications was not a statistically significant factor for recurrence
(Table 4).

4. Discussion
4.1. Definition of Recurrence

In the literature, scientific papers are not homogeneous regarding the method of evalu-
ation and identification of postoperative recurrence. In 2014, Li et al. [6] evaluated patients
with endoscopic recurrence. In 2015, De Cruz, P. et al. [12] evaluated patients with clinical
relapse, defined as the recurrence of Crohn’s disease symptoms leading to hospitalization
or therapeutic modifications. In 2021, Navaratne et al. [7] distinguished between clinical
relapse and symptomatic relapse: clinical relapse was defined as the recurrence of Crohn'’s
disease symptoms leading to hospitalization or therapeutic modifications, according to De
Cruz [12], while postoperative relapse was defined as symptomatic when clinical recurrence
was confirmed by the presence of recurrence in endoscopic and/or radiological exami-
nations. In 2021, in a paper by Otzgur et al. [13], recurrence was evaluated based on the
Crohn’s Disease Activity Index or endoscopic findings. In 2016, the ECCO guidelines [4]
standardized the terminology to be used in the definition of postoperative recurrence.
According to the ECCO guidelines, we chose to evaluate patients with morphological
recurrence identified by endoscopy within 2 years before surgery, with the aim of verifying
the roles of clinical, surgical, and radiological factors in postoperative recurrence.

4.2. Clinical Factor

In 2015, Fornaro et al. [14] published a clinical narrative review and analyzed the
roles of different factors in the occurrence of postoperative recurrence in patients surgically
treated for CD. The paper aimed to determine which of these factors had been proven
in the literature to have a predictive role. The authors underlined the discordant results
reported in the literature for most of the clinical factors, even if some of them seemed to
be correlated with a greater risk of recurrence. In particular, smoking was reported to be
the most statistically significant among the clinical factors. On the contrary, in our study,
smoking was not a statistically significant factor.

In 2021, in a study by Navaratne et al. [7], a univariate analysis of the Montreal
classification Al indicated that a Crohn’s disease diagnosis age of <17 years appeared to be
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associated with an increased risk of symptomatic anastomotic postoperative recurrence. In
our study, age at diagnosis was not a statistically significant factor. On the contrary, we
found age at the time of surgery (HR: 1.04; CI: 1.01-1.06; p = 0.003) to be the only statistically
significant clinical factor. To the best of our knowledge, this factor has not been evaluated
in previous studies.

The other clinical factors were not statistically significant.

4.3. Radiological Factors

In our study, localization in the distal ileum was a statistically significant radiological
factor (p = 0.015; HR: 3.526; 1.19-9.03). This means that patients who have localization in
the distal ileum in radiological exams are more likely to develop recurrence than patients
who do not have localization in the distal ileum. In patients with localization in the distal
ileum, the median time from ileocolic resection to clinical postoperative recurrence was
12.5 months. Colic localization was not a statistically significant factor. However, in the
literature, not all authors agree with the importance of intestinal localization. In fact, for
some authors, colic localization seems to be associated with a lower recurrence rate than
jejunal and ileal disease [15], while for others [16], localization of the disease in the colon is
a predictive factor for recurrence.

In the literature, mesenteric hypertrophy is described in some studies as an indicator of
a complicated course of Crohn’s disease [6,17]. Li et al. [6] used computed tomography to
measure the subcutaneous fat area and visceral fat area (VFA) and defined the mesenteric fat
index (MFI) as the ratio of the VFA to the subcutaneous fat area. The authors found that a high
VFA value is predictive of postoperative recurrence of Crohn’s disease, so it plays a clinical role
in optimizing prophylaxis for each patient. Navaratne et al. [7] evaluated the mesenteric fat
index and the presence of fibrofatty proliferation in CT/MRI examinations carried out before
surgery, and no association was found between the visceral fat area (VFA) or mesenteric fat
index (MFI) and postoperative recurrence. In our study, we evaluated the presence of fibrofatty
proliferation, and we found it not to be a statistically significant factor in predicting recurrence.

Finally, a significant radiological factor was the number of pathological small-bowel
loops affected by pathology (HR: 1.15; 1.05-1.27; p =0.004). To the best of our knowledge,
this factor has not been evaluated in previous studies.

4.4. Surgical Evaluation

In “The Second European Evidence-Based Consensus on the Diagnosis and the Man-
agement of Crohn’s Disease: Special Situations” [16], a penetrating behavior of the disease,
extensive small-bowel resection, and prior intestinal surgery were also predictive factors
for postoperative recurrence. In our study, we evaluated patients who underwent surgery
for the first time; therefore, we were not able to make any judgments regarding this factor,
and the presence of penetrating disease was not a statistically significant factor.

Concerning disease extension, Navaratne et al. [7] evaluated the extension of disease
based on the extent of macroscopic disease seen at surgery and the resection length and
found gastrointestinal involvement of >30 cm to be a statistically significant factor, while
Fornaro [14] reported a length of intestinal disease of >100 cm to be a statistically significant
factor. In our study, the length of intestinal disease was assessed both in radiological studies
and surgical specimens. While the length of small-bowel pathological loops in radiological
exams was not a statistically significant factor, we found both the sum of small-bowel
pathological loops in radiological exams and the length of the resected intestine measured
intraoperatively to be statistically significant. In particular, we found a correlation between
the probability of recurrence and the grade of length increase. To the best of our knowledge,
this correlation has not been verified in previous studies.

Finally, in our study, the presence of granulomas and hand-sewn anastomosis were
statistically significant factors. In patients with granulomas, the median time from ileocolic
resection to clinical postoperative recurrence was 13.4 months. However, the literature data
regarding the impact on postoperative recurrence of the presence of granulomas in the
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resected specimen are contradictory. Some authors reported an association with a higher
incidence of recurrence [18,19], while others reported a lower recurrence rate [20,21].

The result of an increased risk of recurrence in the case of hand-sewn anastomosis is a
controversial fact that requires further investigation. In our opinion, although statistical
significance was reached in our study, the result was influenced by the non-homogeneity of
the numbers in the two groups (mechanical and hand-sewn anastomoses) and by the fact
that, often, in our center, the decision to perform a mechanical anastomosis is influenced
by the intraoperative characteristics, and, in the most difficult cases (fistulizing disease,
abscesses, and extensive resections), a manual anastomosis is, generally, opted for.

The other surgical factors were not statistically significant factors.

4.5. Postsurgical Evaluation

The presence of complications was also not a statistically significant factor for recurrence.

In our study, we evaluated the risk of recurrence within two years of surgery and
excluded patients who had already undergone surgery. On the contrary, Khoury et al. [5]
evaluated the risk factors associated with early disease recurrence with the need for re-
surgery and found that the risk factors for early disease recurrence were the presence of
stenotic and penetrating disease (stricturing: odds ratio (OR)—12.1; penetrating: OR—9.9
(rather than non-stricturing and non-penetrating)) and the development of postoperative
complications in a previous surgery.

4.6. Limitations

Our work presents several limitations that must be taken into consideration.

First and foremost, this was a retrospective study, and the validity of our conclusions
is naturally influenced by this study’s design. Additionally, the postoperative recurrence of
Crohn'’s disease can be significantly affected by the postoperative pharmacological therapy
and the timing of its initiation. Unfortunately, the data we had only provided partial
information regarding the postoperative therapy taken by the patients in our study, which
is why we chose not to include these data in our analysis. Certainly, this information could
be incorporated into the design of a larger prospective study in the future.

5. Conclusions

Our study identified clinical, surgical, and radiological factors that could predict dis-
ease recurrence after intestinal resection for Crohn’s disease. Younger patients with disease
localization in the distal ileum, extensive radiological involvement of small-bowel loops,
and specific histopathological features, such as granulomas and longer resected segments,
represent a high-risk group for recurrence. Identifying these factors preoperatively allows
for the possibility of more aggressive therapeutic interventions post-surgery, including, for
example, the early introduction of immunosuppressive or biological agents, which may
mitigate the risk of recurrence and improve long-term outcomes. These results not only
offer valuable insights into patient-specific recurrence risks but also set the stage for future
prospective studies aimed at optimizing postoperative management and improving the
quality of life of patients with Crohn’s disease. By refining our ability to predict recur-
rence, we can move closer to more personalized, precision-based treatment paradigms that
address both the immediate postoperative period and long-term disease control.
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