b
Inflammatory Bowel Diseases, 2025, 31, 857-877

»
https://doi.org/10.1093/ibd/izae159 C R 0 H N 9 S\ o

Advance access publication 31 July 2024
Review Article - Clinical &COLITIS
FOUNDATION

Mucosal and Transmural Healing and Long-term Outcomes
in Crohn’s Disease

Bruce E. Sands, MD,"® Silvio Danese, MD, PhD,'*(2 J. Casey Chapman, MD,*
Khushboo Gurjar, PharmD," Stacy Grieve, PhD,"> Deepika Thakur, MPharm,"
Jenny Griffith, PharmD,' Namita Joshi, PhD,' Kristina Kligys, PhD,' and Axel Dignass, MD, PhD*

“The Dr. Henry D. Janowitz Division of Gastroenterology, Icahn School of Medicine at Mount Sinai, New York, NY, USA

"Athos Therapeutics, Milan, Italy

*Humanitas University, Milan, Italy

5GI Alliance, Dallas, Texas, USA

Cytel Inc., Toronto, ON, Canada

IAbbVie Inc., North Chicago, Illinois, USA

“Department of Medicine, Agaplesion Markus Hospital, Frankfurt, Germany

Address correspondence to: Bruce Sands, Division of Gastroenterology, Icahn School of Medicine at Mount Sinai, 1468 Madison Avenue, Box 1069
Annenberg 5, Room 12, New York, NY 10029, USA (bruce.sands@mssm.edu).

Background: Healing in Crohn's disease is complex and difficult to measure due to incongruencies between clinical symptoms and disease
states. Mucosal healing (MH) and transmural healing (TH) are increasingly used to measure clinical improvement in Crohn's disease, but
definitions of MH and TH can vary across studies, and their relationship to long-term outcomes is not clear. To address this knowledge gap, we
performed a systematic literature review (SLR) to examine studies measuring MH and TH in Crohn's disease.

Methods: Database records from 2012 to 2022 were searched for real-world evidence and interventional studies that reported the association
of MH or TH with clinical, economic, or quality of life outcomes of adult patients with Crohn's disease.

Results: A total of 46 studies were identified in the systematic literature review, representing a combined patient population of 5530. Outcomes
of patients with MH were reported by 39 studies; of these, 14 used validated scales for endoscopic assessment. Thirteen studies reported
outcomes of patients with TH. Among studies that examined the outcomes of patients with and without MH or TH, patients with healing gen-
erally experienced improved clinical outcomes and reduced healthcare resource utilization, including fewer hospitalizations and surgeries and
improved rates of clinical remission. This was especially true for patients with TH.

Conclusions: Mucosal and transmural healing are associated with positive long-term outcomes for adult patients with Crohn's disease. The
adoption of standardized measures and less invasive assessment tools will maximize the benefits of patient monitoring.

Lay Summary

Inflammation of the bowel wall is a key component of Crohn's disease (CD). A systematic literature review (SLR) showed bowel wall healing was
associated with positive long-term outcomes in CD, supporting healing as an indicator of disease control.
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Introduction disease control and response to treatment.>»'%!" This discon-
nect between symptoms and mucosal inflammation in CD
necessitates monitoring of both for accurate assessment of
disease severity.

Until recently, endoscopy has been the primary instrument
used to assess mucosal inflammation in CD. Endoscopy is an
invasive procedure with barriers to repeatability, including the
need for bowel preparation, risk of complications, and high
cost.'? Other measures used to assess CD are the biomarkers
fecal calprotectin (FC) and C-reactive protein (CRP), although
neither is specific to CD.' While traditional endoscopy is lim-
ited in its ability to assess the small intestine due to the length
and diameter of the small intestine, small capsule endoscopy
and enteroscopy are gaining attention as alternatives to this
traditional approach.'>' Intestinal ultrasound, magnetic

Crohn’s disease (CD) is an inflammatory bowel disease
characterized by chronic inflammation of the bowel wall
(mucosal and transmural inflammation) that causes mu-
cosal injury and intestinal damage, commonly resulting in
complications like abscesses, fistulae, stricture, and intestinal
obstruction.'”® Long-term mucosal inflammation is associ-
ated with an increased risk of hospitalization, complications
that may require surgery, and cancer.>® Symptoms of CD in-
clude abdominal pain, fatigue, diarrhea, fever, anemia, ur-
gency, and weight loss,”® which negatively impact quality of
life and social functioning, and slightly more than one-third
of patients experience anxiety or depression.” However, the
clinical symptoms of CD are not reliable indicators of mu-
cosal inflammation and provide an incomplete picture of
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Key Messages

What is already known?

Achievement of mucosal healing (MH) and transmural healing (TH)
are long-term therapeutic goals despite variations in their definitions
and uncertainty in their association with long-term outcomes.

What is new here?

This systematic literature review (SLR) is the first to show that
both MH and TH are associated with improved clinical outcomes
including increased rates of clinical remission, decreased rates
of relapse, and fewer hospitalizations and surgeries among
patients with CD.

How can this study help patient care?
MH and TH may serve as useful indicators of clinical outcomes
and disease control in CD. However, standardization and better
education for clinicians will be paramount for the adoption of
endoscopic monitoring of healing for CD.

resonance imaging (MRI), and computed tomography (CT)
are noninvasive options that provide high imaging accuracy,
but tools to standardize the measurement of disease severity
in CD require further validation.'s!¢

Adding to the complexity of treating CD, definitions of
healing (mucosal or transmural) for the disease have not been
clearly defined, and long-term, deep healing has not been taken
into consideration until recently.!” The definition of healing in
CD has been based on endoscopic or imaging examinations
(eg, MRI, CT imaging, or intestinal ultrasound), which are
used for diagnosis and treatment monitoring. Endoscopic
healing has been recommended by the Selecting Therapeutic
Targets in Inflammatory Bowel Disease (STRIDE) initiative of
the International Organization for the Study of Inflammatory
Bowel Diseases (IOIBD) as a long-term target for CD and
is assessed through ileocolonoscopy, enteroscopy, or video
capsule endoscopy for small bowel disease. In STRIDE II,
the achievement of endoscopic healing was confirmed as an
important therapeutic goal that enabled patients to achieve
improved long-term outcomes.!® Historically, mucosal
healing (MH) has been synonymous with endoscopic healing,
indicating the resolution of mucosal inflammation and
damage visible through colonoscopy and other endoscopies
(video capsule, enteroscopy with single or double balloon, or
spiral, and gastroscopy in the case of upper gastrointestinal
[GI] involvement). Mucosal healing has been reported to be
significantly associated with long-term clinical remission.'
More recently, definitions of MH increasingly incorporate
histologic healing, although this is still not well-defined and
lacks agreement among clinicians and experts."”

Increasingly, transmural healing (TH), which represents
healing across all layers of the bowel, has been recognized
as an important clinical outcome with long-term benefits,
since CD involves inflammation throughout the intestinal
wall and not just in the mucosa.?*?? In the CALM study, deep
remission (defined as “endoscopic remission, clinical remis-
sion, and no steroid use”) correlated with TH and was as-
sociated with lower rates of disease progression over time.'®
The IOIBD’s STRIDE initiative recommended in their 2021
treat-to-target strategies for clinical practice that TH be used
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to assess the depth of remission but did not recommend it as
a formal target since the data were still limited.'?

Despite recommendations for MH and TH as treat-to-
target goals, they are infrequently implemented in clinical
practice, perhaps because of the limited data on their impor-
tance for long-term outcomes in CD.'"® Both MH and TH may
change the natural course of CD by reducing inflammation
that would normally lead to structural damage to the bowel
and increase the risk of surgery, hospitalization, or long-term
complications. However, a clear connection between MH and
TH and potential clinical benefits has not been firmly estab-
lished. The objective of this study was to examine how MH
and TH relate to long-term clinical, economic (eg, healthcare
resource utilization [HCRU]J), and quality of life outcomes
among patients with CD.

Methods

A systematic literature review (SLR) was conducted fol-
lowing the principles outlined in the Cochrane Handbook
for Systematic Reviews of Interventions,?? Centre for Reviews
and Dissemination (CRD)’s Guidance for Undertaking
Reviews in Healthcare,** and Methods for the Development
of National Institute for Health and Care Excellence (NICE)
Public Health Guidance.”® Cochrane, MEDLINE, EconlLit,
and EMBASE databases were searched on July 28,2022, and
the CRD database was searched on August 2, 2022, to ex-
amine the association of MH or endoscopic outcomes with
improved long-term clinical and economic outcomes among
adult patients with CD. A detailed search strategy is pro-
vided in Supplementary Table 1. Real-world evidence studies
and interventional studies (including randomized controlled
trials [RCTs]) from within the past 10 years (2012 to July 28,
2022) were included. Systematic literature reviews and meta-
analyses were included for the purpose of cross-checking
and identifying primary literature sources through a bibli-
ographic search. Publications were reviewed based on their
titles and abstracts against the inclusion and exclusion criteria
(Supplementary Table 2) by 2 independent researchers, and
disagreements were resolved by a third independent reviewer.
Two reviewers then screened all citations and full-text arti-
cles, and any discrepancies in their decisions were resolved by
a third independent reviewer. Data were extracted in a pre-
defined extraction form by one reviewer and independently
checked for accuracy and completeness by a second reviewer.

The SLR protocol captured the broadest inclusion of all
definitions of MH, TH, and specific outcomes. This review
focuses on the studies using validated scales to measure MH,
including the Simple Endoscopic Score for Crohn’s Disease
(SES-CD),? Modified Simple Endoscopic Score for Crohn’s
Disease (mSES-CD),?” Crohn’s Disease Endoscopic Index of
Severity (CDEIS),*® and Lewis score.”” Among the included
studies, modalities such as CT enterography (CTE), mag-
netic resonance enterography (MRE), and MRI were used to
monitor TH, with specific measures or scales including bowel
wall thickness (BWT) or the Magnetic Resonance Index of
Activity (MaRIA) scale.

Results

A total of 5094 records were identified in the SLR. Of
these, 484 records were included for full-text review after
deduplicating and screening them against the population,
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intervention, comparator, outcome, and study design (PICOS)
criteria (Supplementary Table 2). Forty-six studies met the
final inclusion criteria and were selected for extraction. Most
of these studies were real-world evidence studies (28 retro-
spective and 14 prospective), and the 4 remaining studies had
other study designs (2 interventional RCTs and 2 post hoc
analyses of phase 3 RCTs, Figure 1). Twenty-five studies re-
ported clinical outcomes among patients with MH vs patients
without MH. Fourteen studies used validated scales (Table 1;
Figure 2).

Study Population and Follow-up Time

The study populations included a total of 5530 adult patients
with a median disease duration ranging from 10.3 to 180
months. Median patient age ranged from 21.0 to 43.5 years.
Validated endoscopic measures indicated a wide range of dis-
ease severity at baseline, as indicated by scores such as CDEIS
<43 and SES-CD 0 to 18. Similarly, wide ranges in clinical
measures at baseline were observed including BWT (<3 mm
and >3 mm)*'; Crohn’s Disease Activity Index (CDAI; mean
106.7-450)%73%3; Harvey-Bradshaw Index (HBI; mean 2.0
[SD: 2.3] to median 11 [IQR: 8-15])°**%; and Rutgeert’s
score® (i0-i1: 11/57 Table 1). Four studies included patients
with a disease duration of 2 years or less, all of whom had full
or partial MH at baseline.!23%-33:37

Identification of studies via databases and registers

Search Date: July 28, 2022

5094 Articles identified

through Databases E—

Duplicate: 1395

Identification

Population: 991
Sub-population: 17
Intervention: 0
Outcomes: 188
Study design: 792
Duplicate: 34
Language: 15

2521 Records selected for
abstract review

"

Eligibility

2573 Records excluded
Prior to 2012: 1178

2037 Records excluded

484 Reports selected for retrieval —> Reports not retrieved: 0

Follow-up time ranged from 16 weeks to 11 years. Cost
and work productivity data were not reported by studies
using validated scales. Quality of life data were not reported
by studies comparing MH and non-MH using a validated
scale or by studies comparing TH and non-TH.

Mucosal Healing

Thirty-nine studies reported on long-term outcomes among
patients with MH with follow-up times ranging from 5 to 132
months (Table 2); however, definitions of MH and outcomes
used to assess MH varied across studies (Supplementary
Table 3). Studies that reported MH outcomes without using
validated scales typically described the presence of MH
based on visible inflammation as observed through endos-
copy; these studies were not included in our analyses. The
remaining 14 studies reported on long-term outcomes using
established definitions of MH that included the SES-CD (9
studies), CDEIS (1 study), and Lewis (4 studies) scores.

Clinical outcomes

Twenty-five studies reported clinical outcomes among
patients with and without MH; 12 of these studies used
validated scales. Three studies?*>%® reporting clinical remis-
sion used the SES-CD scale to measure MH, and only 1 of
these studies® showed that MH was able to predict sustained

Identification of studies via other methods

Records identified from:
Websites: 0
Congress search: 0
Bibliographic search: 50

v

50 Reports selected for _5,  geports not retrieved: 0
retrieval

!

46 Reports selec_ted for data 438 Reports excluded 50 Reports assessedfor __ 50 Reports excluded
extraction pOpUlatlonI 9 eligibility population: 2
< Sub-population: 217 J Sub-population: 4

Intervention: 0 sl 0'
Outcomes: 153 Outcomes: 2

46 Reports from 2 Interventional, 28 StUdY design: 55 Study desi.gn: 3
Retrospective RWE studies, 11 Duplicate: 2 Duplicate: 34

Prospective RWE studies and 5 Other Language: 2

studies from 46 original studies

Figure 1. PRISMA flow diagram. Abbreviations: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RWE, real-world

evidence
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Figure 2. Scales used for MH and TH. A, Scales used for MH; B, Scales used for TH. Abbreviations: BUSS, Bowel Ultrasound Score; BWT, Bowel wall
thickness; CDEIS, Crohn's Disease Endoscopic Index of Severity; CTE, computed tomography enterography; MaRIA, Magnetic Resonance Index of
Activity; MH, mucosal healing; MRE, magnetic resonance enterography; MRI, magnetic resonance imaging; mSES-CD, Modified Simple Endoscopic
Score for Crohn’s Disease; SES-CD, Simple Endoscopic Score for Crohn's Disease; TH, transmural healing.

clinical remission in a multivariate analysis. Five studies re-
porting relapse/recurrence used validated scales to define MH
(SES-CD, 3 studies®"333%; and Lewis score, 2 studies*®*!). Of
these, 3 showed significantly lower relapse/recurrence rates
among patients with MH vs without MH. Single-center
studies in Italy’! and Japan®’ used multivariate analysis to
show that patients with MH were less likely to have a clin-
ical relapse, and a retrospective study in Portugal*® showed

that patients with MH were less likely to suffer a disease flare
compared with those without MH.

Eight studies reported the need for treatment change as an
outcome indicating active disease and used a validated scale
to define MH (SES-CD, § studies®-*3-3¢; CDEIS, 1 study?’; and
Lewis score, 2 studies**). Six of these studies reported signifi-
cantly lower need for change in treatment (ie, treatment failure
rates, tumor necrosis factor inhibitor [TNFi]-intensification,
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topical steroid specific) among patients achieving MH. Only
Ben-Horin et al® used a validated measure, the Lewis score,
as a measure of MH to report survival without a disease flare.
This study reported that patients with MH had significantly
longer event-free survival (P <.001) compared with patients
who did not achieve MH.

Healthcare resource utilization

Eighteen studies reported HCRU outcomes among patients
with MH and without MH, among which 9 studies used
validated scales (Table 2). Eight studies (3 prospective, 5 ret-
rospective) reporting hospitalization used a validated scale to
define MH (SES-CD, 6 studies’!333%363%44, CDEIS, 1 study?%
and Lewis score, 1 study*'). Of those 8 studies, 4 studies
reported that patients with MH had a lower likelihood of
requiring hospitalization.?!3%3%4! Seven studies reporting need
for surgery used validated scales to define MH (SES-CD, 6
studies?’31:33:353944: and CDEIS, 1 study®’), including 4 studies
that reported statistically lower rates of surgery or intestinal
resection among patients with MH vs without MH.30:31:3%.44

Transmural Healing

Thirteen studies reported long-term outcomes among patients
with TH (Table 3), with follow-up time ranging from 12 to
48.5 months. Two studies?®* did not include both TH and
non-TH subgroups and were not included in SLR but are
relevant to this review. One was a prospective, multicenter
study in Germany® that compared different definitions of
TH (transmural response, simplified TH, extended TH, and
complete TH), and the other was a prospective, single-center
study in China?® that compared MH and TH. Definitions of
TH and specific outcomes differed between included studies
(Supplementary Table 3).

Clinical outcomes

Eleven studies reported clinical outcomes among patients
with and without TH (Table 3). Only 2 studies reported
rates of clinical remission for TH, and both showed a signifi-
cantly higher likelihood of remission in patients with TH.3!4¢
Similarly, only 3 studies reported the proportion of patients
experiencing a relapse,?** with all 3 studies showing that
patients with TH had lower rates of relapse or a composite
of healing indicators.*” Ten studies reported changes in
treatment, including dose escalations, escalation to another
treatment, the need for corticosteroids, switching from one
biologic to another, and relapse-related drug discontinuation.
Of these, 6 studies’***-5! showed significantly fewer treat-
ment escalations (including the probability of 1-year dose
escalation-free survival, time to treatment escalation, risk of
relapse-related drug discontinuation, association to medica-
tion escalation, and steroid use) among patients achieving
TH. Event-free survival rates were not reported by studies
with TH subgroups.

Healthcare resource utilization

Nine studies reported HCRU outcomes among patients
with and without TH (Table 3). Of 8 studies reporting
hospitalizations, 6 studies reported that patients with TH
were less likely to require hospitalization.3!364-51 Surgery
outcomes were reported in 8 studies, with 6 studies showing
significantly lower rates of surgery or intestinal resection
among patients with TH vs without TH.3!:#5-52

Sands et al

Transmural Healing vs Mucosal Healing

Seven studies reported outcomes for both TH and MH (Table
4); 4 of these studies?®!34%¢ used SES-CD to define MH.
Three of the 4 studies showed that TH was better able to
predict long-term clinical outcomes compared with MH. A
prospective, single-center study in China®” used a multivariate
analysis to determine that TH was associated with steroid-
free clinical remission, longer time to treatment escalation,
and longer time to hospitalization, whereas MH was only
associated with later drug escalation. In an Italian, single-
center, prospective study,’* MH predicted some changes in
treatments; however, there was no changes among those with
TH. Conversely, TH was predictive for hospitalization, but
MH was not. A separate Italian, single-center, prospective
study?®! directly compared TH to MH and demonstrated that
TH was associated with a higher rate of steroid-free clinical
remission, lower rates of hospitalization, and reduced need
for surgery at 1 year compared with MH and no healing. In
this study, TH was also associated with longer intervals until
clinical relapse, hospitalization, and surgery compared with
MH. A retrospective study of patients with CD in Japan who
underwent ileocolonoscopy and MRE3* reported that incom-
plete TH is associated with the need for treatment escalation
even among patients with MH.

Discussion

The purpose of this review was to identify and summarize
the evidence relating MH and TH and report associated clin-
ical, economic, and quality of life outcomes. The majority of
studies that used validated scales reported that patients with
vs without MH had improved clinical outcomes, including
increased rates of clinical remission and decreased rates of
relapse or treatment escalation. The clinical benefit of MH
provides a clear longer-term target for CD. However, because
MH did not always correspond to positive HCRU outcomes
such as reduced rates of surgeries and hospitalizations,? evi-
dence of MH may only be indicative of partial healing.
Given that CD represents a transmural disease with active
intramural inflammation,*® TH may represent a more suitable
target than MH in CD. However, no consensus has been avail-
able on how to assess the relevance of TH for CD. However,
increasing evidence is now available for TH, and the majority
of studies in this review reported that patients with vs without
TH had improved outcomes including increased clinical re-
mission rates, decreased rates of relapse or treatment escala-
tion, and reduced HCRU (hospitalizations and surgeries).?%2!
The present study assesses how MH and TH impact long-
term outcomes and highlights studies that compared MH and
TH. Previous reviews have also assessed the relationship be-
tween MH** or TH*® and long-term clinical outcomes with
similar conclusions to the present study. In the recent review
by Geyl et al,> only the correlation between MH and TH was
assessed and shown in only a small number of studies.

Definitions of MH and TH

Our findings highlight the variation in the definitions of MH
and TH used in current clinical assessments.? Studies that did
not use validated measures defined MH descriptively, such
as “remission or mild inflammatory mucosal activity in the
most affected area of the GI tract, without ulcerations,”'? or
used cut-off scores in unvalidated measures. Studies in this
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review that employed validated measures also used various
definitions of MH, using SES-CD cut-off scores that ranged
from 0 to <5, and on the Lewis scale from <135 to <350
(Table 1), among others. Another recent SLR on MH in CD
also reported varying definitions of end points but noted that
the majority of studies used the absence of ulcers or erosions
as the definition of MH and/or an SES-CD score of <4.2?

For TH, some studies in this review suggested it may be
defined as the normalization of BWT with no inflammation
or hypervascularization and no fibrofatty proliferation 204548
while others defined TH as simply the reduction of intestinal
parietal thickness to <3 mm?32¢ (Table 1).

Although these definitions are not standardized, recent
studies have suggested that MH and TH, however they are
defined, lead to better outcomes and may be good long-term
treatment targets for CD, an idea supported by the findings
of this review. Of the small number of studies that compared
MH and TH (n = 7), TH was more closely associated with
positive clinical outcomes, including reduced hospitalization,
steroid-free clinical remission, and reduced need for surgery.

Health Assessment Instruments and Thresholds

Health assessment instruments and their corresponding
thresholds to determine MH have been the main method
used to assess healing in CD to date, but even within
these thresholds, definitions of healing vary. For example,
biomarkers such as fecal calprotectin (FC) have been used to
determine MH/endoscopic remission, but FC is not specific to
CD.! Also, thresholds for FC levels vary across studies: <272
nglg, <70 pglg, 82 to 168 pg/g, and 50 to 250 pg/g,? and
the 2021 Delphi panel consulted in STRIDE-II used a cut-off
value of 150 pg/g.'® C-reactive protein, the other commonly
used biomarker, can indicate increased inflammation; how-
ever, up to 25% of patients may have inflammation evident in
endoscopy and not demonstrate elevated CRP levels.!?

Endoscopy, used for direct visualization of the mucosa
to evaluate mucosal inflammation, is the most frequently
employed assessment instrument for CD. The FDA re-
cently produced guidance regarding the use of endoscopic
assessments and CDAI for assessing CD, in which endoscopic
remission (ie, MH) was defined as an SES-CD score of 0 to 2
or a score of 0 to 4 with no individual subscore greater than
1.1 The first therapies to include endoscopy in their FDA-
approved labeling, risankizumab’”*® and upadacitinib,***°
used SES-CD-determined endoscopic response as a coprimary
end point, along with CDAI-determined clinical remission.
The SES-CD threshold recommended by the FDA largely
aligns with expert guidance from the STRIDE-II Delphi panel
study that defined endoscopic remission as a combination of
SES-CD <2 or CDEIS <3 and lack of ulcerations.'® However,
Klenske et al pointed out that the limitation of the SES-CD
is that the validation, responsiveness, and reliability to assess
inflammation in CD are still unclear.'! They also noted that
remission has been defined variously in different studies as
either a score of 0 to 2 or 0 to 3. Absence of ulceration as
assessed through endoscopy has also been used to define en-
doscopic healing/MH, but some studies have used endoscopic
response, a reduction in SES-CD of >50% from baseline as
a predictor of improved outcomes.! Drawing from endo-
scopic results, the CDEIS is also used to evaluate endoscopic
outcomes in CD, and thresholds for endoscopic remission
have varied between studies, including scores of <4, 0, and
1to 4.2

Increasingly, the IBD community is interested in the use of
intestinal ultrasound to allow a cross-sectional view of the
bowel wall and assess TH, though it is not yet a completely
accepted standard. Ultrasonography is more convenient than
endoscopy in terms of cost and accessibility due to its non-
invasive nature. Ultrasound-assessed healing is approached
by evaluating thickened bowel walls, fibrofatty proliferation,
ulcers, and abscesses."'** Doppler ultrasound can be used
to assess the vascular pattern in the bowel wall and indi-
cate whether there is increased blood supply to the area that
would signify inflammation, with variable results depending
on factors such as food ingestion.?! Despite the advantages
of ultrasonography for the monitoring of CD, there is cur-
rently no standardized threshold for the thickness measure-
ment that would indicate healing, nor are there standardized
placements for where or how (cross-sectionally or longitudi-
nally) such measurements should be taken.?! Likewise, there
is no standardized measure for the fatty tissue that would
correlate with disease severity.?! Several scoring indices have
been proposed to address the lack of standardization in ul-
trasound interpretation, including the simple intestinal ul-
trasound (IUS) score and bowel ultrasound score, but these
require additional validation and/or sensitivity assessment.'
Despite the effectiveness of ultrasound and other imaging
tools, the STRIDE-II Delphi panel agreed that these should
be used as an adjunct assessment due to the limited ability of
currently available treatments to achieve TH. '

The Capsule Endoscopy Crohn’s Disease Activity Index
(CECDAI) is another validated scale used in assessing CD,
which was not identified among included studies in the SLR;
depending on uptake of capsule endoscopy in the future,
it may be of interest for further exploration. Small bowel
enteroscopy is another potentially useful tool for evaluating
CD, with several studies reporting its use to measure MH
with a modified Rutgeerts’ scoring system®!%? or the Fukuoka
Index.®

The strengths and weaknesses of each of these instruments
in detecting inflammation due to CD influence how healing
has been defined and assessed; and the use of each instru-
ment may vary by availability, access, reimbursement, and
geography.” Additionally, clinicians may not use some of
the outcome instruments in practice because of impractica-
bility, regardless of their effectiveness in assessing healing.
At a minimum, standard thresholds for each assessment in-
strument would be helpful for making decisions about treat-
ment selection for patients with CD and will be necessary for
streamlining research towards deep healing. Forthcoming ar-
tificial intelligence technologies may help to address this issue
and limit inter- and intraclinician variation in assessment
interpretation.

Future Directions and Recommendations

As new diagnostic tools have surfaced over the past decade
that allow for more precise measurement of disease state
and healing, there has been some official recognition of the
need for a standardized definition of healing in CD and
standardized long-term goals of treatment. IOIBD’s STRIDE
initiative recommended TH as an informal assessment target,
pointing out that new biologic and small molecule therapies
and new, less invasive, diagnostic tools have created the op-
portunity to adjust treatment goals for CD while noting
the need for defining said goals.! Currently, patient reti-
cence to experience invasive endoscopic testing, paired with
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interclinician variability in interpretation, can reduce the like-
lihood of endoscopic monitoring and complicate the health-
care process. Increased standardization, plus better education
for clinicians on guidelines and scoring mechanisms, would
reduce some inefficiency even without improved health as-
sessment techniques.

While studies are beginning to evaluate how MH and
TH impact long-term clinical outcomes, limited evidence
exists for the impact of MH and TH on patient quality of
life and medical costs. Additional evidence is also needed on
the effect of MH and TH on health-related quality of life or
healthcare costs. These could include but are not limited to
the assessment instrument and whether endoscopy findings
correlate with cross-sectional imaging, as the use of ultra-
sound in place of endoscopy could relieve some of the hu-
manistic and/or economic burden of invasive monitoring on
patients with CD.

Additionally, further studies of TH as an indicator of
long-term outcomes of CD are warranted, particularly with
standardized assessment thresholds to aid in comparative
analysis.

Short- and long-term treatment targets, as recommended
by STRIDE-II, may be the most effective treatment strategy
for CD, with the ultimate goal of disease control and remis-
sion. The combination of goals prioritizes quick sympto-
matic response, thereby improving patient quality of life and
minimizing mucosal damage, but also recognizes that without
complete healing of the bowel wall and mucosa, the risk of re-
lapse and surgery may still be high. Because MH and TH have
the potential to affect disease trajectory by reducing mucosal
inflammation, there is a need for studies that assess MH and
TH as prognostic parameters for a milder disease course in
CD. Finally, prospective trials linking interventions to the in-
duction of MH and modulation of the natural disease course,
reducing the need for hospitalizations and surgeries, would
mark an important step in defining the utility of MH for clin-
ical practice.

Several limitations remain in our study. Most of the included
studies (1 = 28) were retrospective, with limited information
on the time to measure MH. Additionally, studies included
various follow-up times, ranging from 16 weeks to 11 years,
and heterogenous populations. Included studies covered the
CD population with mild, moderate, or mixed disease se-
verity, as well as populations restricted to those who achieved
MH or TH at study start and those undergoing specific thera-
peutic interventions. Such heterogeneity in populations likely
impacts the outcomes reported in this study. As reported in
previously published studies,’** variable definitions of MH
and TH as well as heterogeneity in outcome measures remain
a limitation of both our and other comprehensive reviews.

Conclusion

This SLR examined the evidence linking MH and TH with
long-term clinical outcomes in CD. The majority of studies
reported that patients with MH and TH (as measured by
validated scales) had improved clinical outcomes, including
increased rates of clinical remission, decreased rates of re-
lapse or treatment escalation, and fewer hospitalizations and
surgeries. MH and TH are important objective indicators of
long-term disease control in CD, as both represent the poten-
tial for an altered disease course with reduced inflammation

Sands et al

and fewer complications. Standardized definitions of MH and
TH as well as outcome instrument assessment thresholds will
be paramount in adopting MH and TH as targets of therapy.

Supplementary Data

Supplementary data is available at Inflammmatory Bowel
Diseases online.
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