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Abstract

Inflammatory bowel diseases (IBD), Crohn’s disease (CD), and ulcerative colitis (UC) are lifelong chronic, relapsing, and remitting conditions that cul-
minate in disease progression in many patients. Effective management of CD and UC requires consideration of both short- and long-term treatment
outcomes. Historically, short-term outcomes such as clinical and endoscopic remission and symptom relief have been evaluated in clinical trials.
With the expansion of treatments targeting underlying disease pathophysiology, there is the opportunity to develop management strategies that
improve disease control and patients’ lives in both the short and the long term. Researchers have been examining novel outcomes for assessing the
efficacy of CD and UC treatments that are important to patients, and also those that go beyond symptomatic improvements or clinical remission.
These include new patient-reported outcomes for symptoms, as well as transmural/histological healing and disease clearance that can be more
reflective of deeper remission states and disease modification. This review analyses published clinical studies involving patients with UC and CD
treated with biologics or small molecule therapies. It highlights novel IBD endpoints employed in published clinical trials and discusses their likely
value for assessing disease activity and disease modification, and as predictors of reduced risk of complications and morbidities.
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1. Background

Crohn’s disease (CD) and ulcerative colitis (UC) are disabling,
lifelong inflammatory bowel diseases (IBD) with increasing
global prevalence. The high prevalence of IBD in high-income
industrialized countries of North America, Europe, and
Australasia translates to a high burden of IBD in these coun-
tries."?> While the prevalence of IBD in newly industrialized
countries in South America, Eastern Europe, Asia, and Africa
is low, the increasing incidence of IBD reported in countries
within these regions means prevalence will rise and, con-
sequently, so will disease burden and the demand for IBD-
related healthcare services.?

Symptoms of IBD, which include abdominal cramps and
pain, diarrhea, fatigue, and weight loss,* can have a sizable
impact on patients’ health-related quality of life, negatively
affecting physical and psychosocial functioning.’ IBD also
impacts work productivity, with impairment increasing with
disease activity.® CD and UC are progressive conditions and
their disease burden increases over time, due to the develop-
ment of complications and the need for IBD-related surgery
and hospitalizations. Individuals with IBD are also at in-
creased risk of intestinal and extraintestinal cancer.*”

Given the impact symptoms have on patients’ lives and
the long-term risk of complications and morbidities, effective
therapeutic management of CD and UC requires a combin-
ation of short- and long-term treatment goals, as well as ob-
jective measures to monitor disease activity. The STRIDE-II
clinical practice recommendations include reducing and re-
solving the symptoms of active disease to provide relief to
patients in the short-to-intermediate term, with healing of the
mucosa and normalizing quality of life identified as targets in
the longer term.®

Biologic and small molecule agents available to treat
patients with moderate-to-severe CD and UC target the
underlying pathophysiology of CD and UC and provide the
potential for disease modification.” Expert consensus opin-
ions on the best endpoints for measuring disease modification
and prevention of disease progression have been outlined in
the SPIRIT guidelines (Table 1).” However, the effects of treat-
ments on disease modification endpoints take much longer
to assess and are less suited to evaluation in prospective clin-
ical trials. Clinical remission, encompassing symptomatic
and endoscopic definitions of remission, remains the primary
endpoint to evaluate the efficacy of interventions in clinical

Table 1. Endpoints included in the SPIRIT guidelines.
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trials as per regulatory guidance from the Food and Drug
Administration (FDA) and the European Medicines Agency
(EMA).10-13

In the Randomized Evaluation of an Algorithm for Crohn’s
Treatment (REACT; NCT01030809) trial, community gastro-
enterology practices in Belgium and Canada assigned adult
patients with CD to 1 of 2 disease management approaches:
early combined immunosuppression (ECI) or conventional
step-care management (sequential treatment with corticoster-
oids, immunomodulators and anti-TNFo agents). After 12
months, the proportion of patients in corticosteroid-free re-
mission at the practice level was similar between ECI and con-
ventional management groups.'* However, the patient-level
composite rate of major adverse outcomes (defined as occur-
rence of surgery, hospital admission, or serious disease-related
complications) analyzed at 24 months was lower at ECI prac-
tices than conventional management practices, suggesting
that early initiation of highly effective therapy might have a
disease modification effect. In REACT-2 (NCT01698307),
practices were randomized to either early combination
therapy with treatment intensification to a target of absence
of ulcers (>5 mm in size) or step-care with treatment intensi-
fication to a target of clinical remission.” Although there
was no difference between groups for the primary outcome
of time to first occurrence of CD-related complications, there
was a 25% reduction in the risk of CD-related complications
in patients with active disease at baseline who were assigned
to early combination therapy, suggesting that treating to a
target of ulcer healing is more effective than symptom-based
management in these patients. These 2 trials highlight the
uncertainty which remains with regards to achieving disease
modification using a treat-to-target strategy.

Researchers have been examining novel outcomes for as-
sessing the efficacy of CD and UC treatments that are im-
portant to patients and ones that go beyond symptomatic
improvements or clinical remission, including transmural/
histological healing and disease clearance that can be re-
flective of deeper remission states and disease modification.
The aim of this manuscript is to review clinical studies of pa-
tients with UC and CD treated with biologic or small mol-
ecule therapies that employ novel IBD endpoints (Figures
1 and 2), including patient-reported outcomes (PROs), for
symptoms, histological outcomes, transmural healing, and
composite endpoints.

PROs Midterm complications

Long-term complications

Health-related quality of life (IBDQ-
36 + SF-36)

Disability (IBD disability index)

Fecal incontinence (Jorge and Wexner
[Cleveland score] at 6-12 months)

Bowel damage in CD (Lémann index at 12-24 months)

IBD-related surgery (colectomy, CD-related surgery, endo-
scopic balloon dilation, perianal surgery at 24-36 months)

Dysplasia or cancer (at 5 years)

Mortality (both IBD-related and non-
IBD-related mortality at 5 years)

IBD-related hospitalizations (number of hospitaliza-
tions + cumulative length of stay from 12 to 24 months)

Disease extension in UC (macroscopic proximal disease

extension from 2 to 5 years)

EIM from 12 to 36 months
Permanent stoma

Short-bowel syndrome

Abbreviations: CD, Crohn’s disease; EIM, extraintestinal manifestations; IBD, inflammatory bowel disease; IBDQ, inflammatory bowel disease

questionnaire; SF, short-form; UC, ulcerative colitis.
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2. Search strategy

A PubMed search was conducted for publications on clin-
ical studies of patients with UC or CD receiving biologic
or small molecule therapies which employed novel IBD
endpoints, including those recommended in the SPIRIT
guidelines (Table 1).

3. Rationale and practicalities of novel
outcomes in UC

3.1. Novel PROs-symptomatic PROs as endpoints
in UC studies

Recently there has been a drive to develop simplified, more
patient-centric outcomes. An international consensus initia-
tive set up to develop a set of core outcomes for random-
ized controlled trials in IBD (CORE-IBD) recommended that
the adapted 9-point Mayo Clinic Score combining PROs of
stool frequency (SF) and rectal bleeding (RB) (reflecting the
hallmark of UC symptoms collectively known as PRO2) and
modified Mayo Endoscopic Subscore (MES) should be used
for randomized controlled UC trials. An RB score of 0 and
an SF of <1 are considered clinical remission.'® Developing
a robust PRO that also conforms to the FDA-endorsed
pathway of PRO development is a long and rigorous process

ucC

involving multiple development and validation steps. PRO2
was validated in 2015 as an interim PRO to allow for the con-
tinued evaluation of therapies while the FDA was evaluating
endpoints for clinical trials intended to support approval of
new IBD treatments.!” Two UC-specific PRO instruments,
the Symptoms and Impacts Questionnaire for Ulcerative
Colitis (SIQ-UC) and the Ulcerative Colitis Patient-Reported
Outcomes Signs and Symptoms (UC-PRO/SS), are currently
in development following FDA and International Society for
Pharmacoeconomics and Outcomes Research (ISPOR) best
practice recommendations.'®!”

CORE-IBD also recommended that bowel urgency should
be captured as a core outcome since patients consider it to be
the most debilitating symptom.'® Bowel urgency has a sub-
stantial negative impact on quality of life and patient psycho-
social functioning as the most common and disruptive UC
symptom.?® As well as being independently associated with
reduced quality of life, urgency is also associated with future
risk of hospitalizations, steroid prescription, and colectomy.?!
An online survey of patients and healthcare professionals
showed that bowel urgency was 1 of the top 3 concerns for
patients, along with diarrhea and increased SE?*> Healthcare
professionals did not include bowel urgency in the top 3 prior-
ities, highlighting a communication gap between patients and
healthcare professionals. A single-item PRO measure to assess

Patient-reported outcomes on symptoms
like stool frequency, rectal bleeding and
bowel urgency (PRO2, SIQ-UC,
UC-PRO/SS, UNRS)

Measures of endoscopic remission
(MES, MMES)

Measures of histological healing/remission
(GS, RHI, NI

Cross-sectional IUS (MUC and UC IUS),
DCS BWF assessment

HEMLI: histological + endoscopic + mucosal improvement
HEMR: histological + endoscopic + mucosal remission

Deep remission: clinical + endoscopic remission/healing

Disease clearance: clinical + endoscopic + histological remission
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Figure 1. Summary of novel IBD ulcerative colitis study endpoints. Abbreviations: BWF, bowel wall flow; DCS, Doppler color signal; GS, Goebes
Score; HEMI, histological, endoscopic, and mucosal improvement; HEMR, histological, endoscopic, and mucosal remission; IUS, intestinal ultrasound;
PRO2, patient-reported outcome 2 (includes stool frequency and rectal bleeding components from the Mayo score); MES, Mayo Endoscopic Score;
MMES, modified Mayo Endoscopic Score; MUC, Milan US Criteria; NI, Nancy Index; RHI, Robarts Histology Index; SIQ-UC, Symptoms and Impacts
Questionnaire for Ulcerative Colitis; UC-PRO/SS, Ulcerative Colitis Patient-Reported Outcomes Signs and Symptoms; UC, ulcerative colitis; UC IUS,
Ulcerative Colitis Intestinal Ultrasound Index; UNRS, Urgency Numerical Rating Scale.
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Measures of endoscopic healing/remission
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Figure 2. Summary of novel IBD Crohn's disease study endpoints. Abbreviations: CD, Crohn’s disease; CD-PRO/SS, Crohn's Disease Patient-Reported
Outcomes Signs and Symptoms; CDAI, Crohn’s disease activity index, CECDAI, Capsule Endoscopy Crohn’s disease activity index; CTE, computed
tomography enterography; CS, corticosteroid; IBD, inflammatory bowel disease; IBUS-SAS, International Bowel Ultrasound Segmental Activity Score;
IUS, intestinal ultrasound; PRO2, patient-reported outcome 2 (includes stool frequency and abdominal pain components from the CDAI); PRO3, patient-
reported outcome 3 (includes stool frequency, abdominal pain, and well-being components from the CDAI); MaRIA, Magnetic Resonance Index of
Activity for CD; MM-SES-CD, modified multiplier of the SES-CD; MRI, magnetic resonance imaging; SBCE, Small Bowel Capsule Endoscopy; SES-CD,
Simple Endoscopic Score for CD; SIQ-CD, Symptoms and Impacts Questionnaire for Crohn’s Disease; sMaRIA, simplified Magnetic Resonance Index of

Activity for CD; US, ultrasound.

the severity of bowel urgency in adults with UC, the Urgency
Numerical Rating Scale (UNRS), has recently been developed
in accordance with FDA PRO best practice guidance.?

3.2. Histological remission as an endpoint in UC
studies

Endoscopic remission is associated with longer-term improve-
ments in UC clinical outcomes and is recommended as an
endpoint for clinical trials.'"'® Efforts to improve the prog-
nostic capability of endoscopic scoring and provide more in-
formation on the extent of mucosal inflammation have led to
the development of the modified MES (MMES), which was
recently shown to be predictive for long-term clinical out-
comes when tested in a prospective observational study.?*
Histological assessment has been proposed as a more ac-
curate and deeper measure of disease activity than endoscopic
remission.?* Histological activity and histological remission
have been associated with negative and positive long-term
clinical outcomes, respectively. Among patients with endo-
scopic remission, histological activity has been independently
associated with clinical relapse in observational research.?6?7
Over the long term, the risk of clinical relapse, surgery, and
risk of hospitalization were significantly higher in patients

with active histological disease than in patients in histological
remission.?® Histological remission was associated with a de-
creased risk of disease relapse/exacerbation, decreased risk of
colectomy, and decreased corticosteroid (CS) use when com-
pared with patients with histological activity.?” This endpoint
has also been demonstrated to be associated with reduced
rates of hospitalization.®

CORE-IBD recommendations include incorporation of
histological remission as a core outcome in UC clinical
trials.'® Histological remission, also called healing in UC, is
also recognized by the STRIDE-II consensus panel as an ad-
junctive treatment target.® Although recognized as a goal for
treatment, the rates of achieving histological remission range
from 15.0% to 44.9%, and vary according to therapeutic
drug class and patient population. The highest reported
rates for histological remission have been observed with top-
ical aminosalicylates, although comprehensive data on rates
achieved with biologics and small molecules are currently
lacking.!

The most widely used and well-validated histological assess-
ments are the Geboes score (GS), the Robarts Histopathology
Index (RHI), and the Nancy Index (NI).323% For all 3 indices,
intra- and interobserver agreement is reported as excellent,
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and they are reliable and responsive tools to measure disease
activity and evaluate treatment response.’>* Before histo-
logical healing can be considered a widely accepted treatment
endpoint, consensus agreement on validated definitions for
histological healing and remission is required, but specifically
achievement of this surrogate endpoint will need to be asso-
ciated with superior meaningful patient outcomes. Evidence-
based protocols regarding the timing, location, and number
of biopsies are also needed.?>3%3%3¢ As will be discussed, histo-
logical remission is more often assessed as a component of a
composite endpoint.

3.3. Cross-sectional measures using intestinal
ultrasound as an endpoint in UC studies

There is growing evidence that intestinal ultrasound (US)
could be used to determine disease activity and to monitor
therapeutic response in patients with active UC. Using col-
onoscopy as the reference standard, bowel wall thickening
(BWT) >3 mm shown on intestinal US was shown to be
an independent predictor of endoscopic activity; a cutoff of
2.1 mm was used to discriminate between inactive and active
endoscopic disease activity with >80% sensitivity and speci-
ficity. Bowel wall flow (BWF) on Doppler color signal (DCS),
a measure of vascularization and disease activity, was also
shown to be an independent predictor of endoscopic disease
activity and identification of any DCS was associated with the
presence of endoscopic disease activity.?”-3

The Milan US Criteria (MUC) and the UC Intestinal
Ultrasound (UC IUS) Index have been developed as scores
of intestinal US activity, with the MUC being the more de-
veloped of the 2. The MUC uses a score (1.4 x BWT plus
2 x BWF) to assess and grade UC disease activity; the ac-
curacy of these scoring parameters for detecting active vs
nonactive disease has been validated.?”* The point-based UC
IUS index, which grades 4 parameters (BWT, DCS, abnormal
haustration, and fat wrapping) on a 7-point scale, remains
to be validated.’*** Although not a formal therapeutic target
recommended by the STRIDE-II consensus,® IUS is a valu-
able technique to assess intestinal inflammation in patients
with UC, and is currently being used as an intermediate target
in clinical care. Further evidence is needed to validate its use
in this setting and as a primary or longer-term outcome for
clinical trials. Notable limitations include that mucosal rather
than transmural involvement makes it more difficult to de-
tect bowel lesions with US. Also, the location of the rectum
deep within the pelvis makes this area difficult to assess using
transabdominal US.*!

3.4. Novel composite outcomes in UC studies

Novel composite endpoints in UC include histological-
endoscopic mucosal improvement (HEMI) and the more strin-
gent histological-endoscopic mucosal remission (HEMR),
deep remission, and the more stringent endpoint of disease
clearance. HEMI has been defined as an MES <1 and a GS
of <3.1. HEMR or deep mucosal healing has been defined as
MES = 0 or MES =1 excluding friability and GS <2.*? Deep
remission in UC is considered to be concurrent clinical re-
mission and endoscopic remission or mucosal healing, while
disease clearance is a more stringent composite outcome of
clinical, endoscopic, and histological remission.*> While there
is no definitive definition for deep remission, members of the
International Organization for the Study of IBD proposed a

quantifiable definition for disease clearance**: “a composite

outcome including simultaneous clinical remission (par-
tial Mayo score of 0), endoscopic remission (MES of 0) and
histologic remission (NI of 0).” Adoption of this definition
would enable standardized evaluation of disease clearance as
an outcome.**

Reaching this composite endpoint, where no disease activity
is observed at the time point of assessment, has recently been
proposed as the ultimate goal in the treatment of UC in terms
of lowering the risk of UC-related complications and redu-
cing indirect costs.*** Definitive evidence on whether disease
clearance can prevent or delay UC-related complications, to
a greater extent than the targets of deep remission or symp-
tomatic remission alone, is currently being evaluated in the
VERDICT trial. This prospective, randomized trial employs
treatment algorithms featuring the early use of vedolizumab
to attain 1 of 3 treatment targets: CS-free symptomatic re-
mission, CS-free symptomatic remission plus endoscopic re-
mission, or CS-free symptomatic remission plus endoscopic
remission plus histologic remission, compared using the
endpoint of time to reach a UC-related complication.*’

3.5. Novel steroid-sparing endpoints in UC
studies

The CORE-IBD consensus was that CS-free remission was
important to include as a maintenance outcome in UC studies;
the sensitivity of UC symptoms to CS treatment also sug-
gested a need to stipulate clear CS dosing rules in the induc-
tion and maintenance treatment phases. No consensus was
reached for the definition of CS-free remission.'® The primary
objective of the ongoing VERDICT study is to compare the
target of CS-free symptomatic and endoscopic and histologic
remission with that of CS-symptomatic remission alone, in
terms of time to UC-related complications, where “CS-free”
is defined as not receiving oral CS at the time of treatment
target assessment at weeks 16, 32, and 48. The ELEVATE
UC 52 trial included 3 maintenance phase outcomes requiring
no CS exposure in the 12 weeks prior to week 52 (CS tapering
began after the 12-week induction phase). In addition to
CS-free clinical remission, the endpoint of CS-free endo-
scopic improvement included patients achieving an MES of
<1 (excluding friability) without CS for the last 12 weeks of
maintenance treatment. The CS-free symptomatic remission
endpoint included patients achieving an SF subscore of 0 (or
=1 with a >1-point decrease from baseline) and RB subscore
of 0.4

4. Rationale and practicalities of novel
outcomes in CD

4.1. Novel symptomatic PROs as endpoints in CD
studies

The CD Activity Index (CDAI) has been used as the primary
outcome measure for evaluation and approval of treatments
in CD trials for over 40 years. The PRO diary components
of the CDAI, which capture liquid stools and abdominal
cramps, the hallmark of CD symptoms, have been validated
as an interim PRO, termed PRO2. Incorporating SF and ab-
dominal pain (AP) symptoms, PRO2 was also recommended
by CORE-IBD." A 3-item PRO (PRO3) incorporating general
well-being in addition to SF and AP CDAI score components
has also been validated.* Although PROs specific for use in
CD are not yet available, some are currently in development,



including the Symptom and Impacts Questionnaire for
Crohn’s Disease and the CD-PRO/SS diary.'$°

4.2. Histological outcomes as endpoints in CD
studies

In contrast to UC, histological healing in CD is not con-
sidered a core outcome measure by the CORE-IBD Initiative
nor a treatment target according to the STRIDE-II recom-
mendations.®'® Histological assessment is less suitable as an
outcome measure in CD because of the segmental, transmural
nature of condition, with “patchy” distribution of inflamma-
tion that can occur disparately in any part of the gut. These
features are likely to reduce the reliability of histopathology
for assessment of disease activity in CD.’! Moreover, there is a
lack of well-validated and reliable scoring tools for CD histo-
logical assessment.®? The global histologic disease activity
score (GHAS) is a widely used system that allows the ileal
and colonic regions to be graded separately. UC indices like
the GS and RHI are also used to grade histopathology in CD.
Of note, it is presently unclear which histologic features are
the most relevant to measure in terms of disease pathophysi-
ology or treatment outcomes in CD, although UC scoring in-
dices have acceptable reliability in this setting.’> The evidence
linking histologic activity in CD to disease outcomes is cur-
rently insufficient to justify intensified immunosuppressant
medications to reach histological remission as a treatment
target.®*5! There is also the question of whether histological
remission is achievable with current treatments. A 2023 meta-
analysis of randomized controlled trials in CD reported 38%
of patients achieving histological remission during induction
treatment assessed at 4 or 12 weeks.’* Nevertheless, as in UC,
there may turn out to be added value to achieving histological
remission.’!

4.3. Endoscopic outcomes as endpoints in CD
studies

The STRIDE-II consensus did recommend endoscopic healing
as a treatment goal in CD.® Endoscopic healing does not neces-
sarily indicate the absence of histologic inflammation, as up to
one-third of biopsies from patients with CD with endoscopic-
ally healed mucosa may show evidence of histologic disease.*
Nevertheless, patients who achieve endoscopic remission
have improved long-term disease outcomes.’® Recently, be-
cause of the differences in Simple Endoscopic Score for CD
(SES-CD) definitions used for endoscopic remission, there has
been a move towards targeting endoscopic scoring thresh-
olds, which have been associated with lower risk of long-term
disease progression.’” The modified multiplier of the SES-CD
(MM-SES-CD) was designed by weighting individual SES-CD
parameters according to their ability to predict endoscopic
remission, as determined by logistic regression modeling.’® A
post hoc analysis of 61 patients in the CALM long-term ex-
tension study demonstrated that patients with endoscopic re-
mission (defined as SES-CD <4 or MM-SES-CD <22.5) were
less likely to have disease progression over the long term than
those not achieving these targets.*”

Assessment of the small bowel in patients with CD is ne-
cessary because complete visualization of the entire length of
the small bowel may have a significant impact on prognosis
and potential therapeutic implications.®® Small bowel cap-
sule endoscopy (SBCE) is particularly useful in areas of the
GI tract that are not accessible to conventional endoscopy.®
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The STRIDE-II consensus recommends use of capsule endos-
copy when sigmoidoscopy or colonoscopy is not feasible.® In
addition, the European Society of Gastrointestinal Endoscopy
(ESGE)! and European Crohn’s and Colitis Organisation
(ECCO)%? guidelines recommend the use of validated endo-
scopic scoring indices such as the Lewis score®>** or the
capsule endoscopy CDAI (CECDAI) score®¢” for the classi-
fication of inflammatory activity in patients with CD under-
going SBCE.®® These validated scores standardize descriptions
of lesions and help quantify disease activity and severity.®®
SBCE can be seen as complementary to magnetic resonance
enterography (MRE) because MRE assesses transmural in-
volvement while SBCE allows direct visualization of the mu-
cosal surface of the small bowel to detect mucosal lesions.®
In a treat-to-target strategy, SBCE could be useful for refining
disease location and prognosis, assessing mucosal healing in
patients receiving treatment, and monitoring patients in the
post-operative setting.®® Capsule endoscopy data, reported
recently from the CURE-CD randomized controlled trial,
showed that a treat-to target strategy in high-risk patients
with active inflammation was associated with lower rates of
clinical relapse compared with standard of care.®® Although
many randomized controlled trials have not included assess-
ment of the small bowel in their design, this should be con-
sidered for future trials given the prognostic value of small
bowel lesions. In addition, the usefulness and reliability of
SBCE need to be confirmed in randomized controlled studies.

4.4. Transmural healing as an endpoint in CD
studies

Transmural healing in CD refers to healing of all layers of the
bowel and is considered an aspirational treatment target by
the STRIDE-II consensus panel.® Transmural healing is associ-
ated with substantial improvements in long-term CD-related
outcomes for patients with CD. A systematic literature review
identified 17 studies on transmural healing in CD. This out-
come was significantly associated with clinical remission in
3 out of 6 studies and with decreased hospitalization rate
in 4 out of 7 studies. Patients with transmural healing also
had a significantly decreased risk of CD-related surgery com-
pared with patients without transmural healing in 9 out of
10 studies.”® While there are demonstrable benefits of trans-
mural healing, this outcome can be difficult to achieve, with
reported rates ranging from 14% to 42% following treat-
ment.”’ There is no single validated definition for transmural
healing to date, and proposed definitions involve normaliza-
tion of the BWT of inflamed bowel sections.”

4.5. Deep remission as an endpoint in CD studies

The initial concept of deep remission in CD was considered to
be the resolution of clinical symptoms and mucosal healing.*+7?
Deep remission (defined as the absence of mucosal ulceration
and a CDAI score < 150) achieved at week 12 by patients
receiving adalimumab treatment in the EXTEND trial was
associated with significantly fewer adalimumab treatment ad-
justments, hospitalizations, and CD-related surgeries assessed
at week 52, compared with patients who did not achieve deep
remission by week 12.7 In the CALM study, deep remission
(defined as a CDAI score of <150, a CD Endoscopic Index of
Severity score of <4 with no deep ulcerations, and no CS for
>8 weeks) was associated with an 81% decrease in risk of
disease progression over a median of 3 years.”
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4.6. Novel steroid-sparing endpoints in CD
studies

CORE-IBD reached a consensus to include CS-free remis-
sion as part of a co-primary endpoint in CD maintenance
studies. There was also interest in earlier CS tapering during
induction treatment to mitigate the risk of CS-related ad-
verse events, and because endoscopic assessments to detect
early mucosal improvements are increasingly being included
in co-primary endpoints for CD induction studies.'® In a
post hoc analysis of the SEQUENCE study, CS-free out-
comes of clinical remission or endoscopic remission were
examined at week 48 among patients receiving CS at base-
line (after a mandatory CS taper at week 2). The analysis
included assessment of patients receiving risankizumab or

ustekinumab who achieved CS-free outcomes for 90 days
prior to week 48.7°

5. Clinical studies employing novel
endpoints in UC

Data from novel, objectively measured outcomes used in clin-
ical studies of patients with UC are shown in Table 2.

5.1 PROs as endpoints

Post hoc analyses of data from pivotal trials using the PRO2
endpoint (defining symptomatic clinical remission as an RB
score of 0 and SF of <1) have been conducted for vedolizumab
and ustekinumab biologics and the small molecules filgotinib

Table 2. Studies of biologic and small molecule therapies using novel IBD objectively measured outcomes in UC.

Study Treatment

Key study details and findings

Histological activity, including histological remission alone and composite endpoints of HEMI and HEMR

VARSITY?®

Histological remission was a
prespecified endpoint in an
RCT in the Phase 3 VARSITY
study

Vedolizumab vs
adalimumab

Histological remission = GS < 2 or RHI score < 2 at week 14 and week 52 (prespecified ex-
ploratory endpoints)

Statistically significant higher remission rates were observed with vedolizumab vs adalimumab
at week 14 and week 52 on the GS and RHL

Histological remission (GS < 2) vedolizumab vs adalimumab

o Week 14: 16.7% vs 7.3%; difference 9.4% (95% CI, 4.9%-13.9%); P < .0001
o Week 52:29.2% vs 8.3%; difference 20.9% (95% CI, 15.6%-26.2%); P < .0001

Histological remission (RHI score < 2) vedolizumab vs adalimumab

o Week 14: 25.6% vs 16.1%; 9.5% (95% CI, 3.8%-15.2%); P = .0011
o Week 52: 37.6% vs 19.9%; difference 17.6% (95% CI, 11.3%-23.8%); P < .0001

LUCENT I and 1"
Histological and histological-
endoscopic endpoints were
included at outcomes in Phase
3 induction and maintenance
trials

Mirikizumab

Histological remission = GS < 2

Endoscopic remission = MES of 0 or 1 (excluding friability)
HEMI = histological improvement + endoscopic remission
HEMR = histological remission + endoscopic remission

At week 12, mirikizumab vs placebo

e Histological remission: 29% vs 16%; common risk difference 13.7%; P < .001
o HEMI: 27% vs 14%; common risk difference 13.4%; P < .00001
e HEMR: 22% vs 11%; common risk difference 11.3%; P <.001

At week 40, mirikizumab vs placebo

e Histological remission: 49% vs 25%; common risk difference 22.5%; P <.001
e HEMI: 48% vs 22%; common risk difference 23.9%; P <.001
e HEMR: 43% vs 22%; common risk difference 19.9%; P <.001

Histological remission, HEMI, and HEMR at week 12 were associated with corticosteroid-
free remission, clinical remission, and symptomatic remission at week 40

ELEVATE UC 52 and ELE- Etrasimod
VATE UC 12%

Histological-endoscopic

were included as outcomes

endpoints for Phase 3 trials

HEMR = Histological remission (GS < 2) + endoscopic remission MES < 1, without friability
In ELEVATE UC 52

o Week 12: 21% (58/274) patients treated with etrasimod vs 4% (6/135) patients treated
with placebo achieved HEMR; difference 16.9% (95% CI, 10.8-23.0); P < .0001
o  Week 52: Difference between etrasimod vs placebo on HEMR of 18.4% (95% CI, 11.4-

GEMINI I and LTS

Study carried out at University
Hospitals Leuven using biopsy
samples from patients en-
rolled in the Phase 3 GEMINI
I study and its open-label
long-term extension study at
that center

Vedolizumab

25.4); P <.0001
ELEVATE UC 12 at week 12

® 16% (36/222) patients treated with etrasimod vs 9% (10/112) patients treated with pla-
cebo achieved HEMR; difference 7.4% (95% CI, 0.5-144); P = .036

Histological mucosal healing = GS 0 or 1 and Endoscopic mucosal healing = MES of 0 or 1

22 patients treated with vedolizumab achieved mucosal healing, and of these 12 (55%) also
showed histological healing, that is, HEMR at the timepoints studied (3/6 at week 6, 2/3 at
week 12, and 7/12 at week 52)
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Study Treatment

Key study details and findings

UNIFI Phase 3 clinical trials ~ Ustekinumab
pooled analysis to examine

clinical relevance of histo-

logical improvements alone

and with endoscopic improve-

ment”’

U-ACHIEVE induction and
U-ACCOMPLISH indication
and U-ACHIEVE* pooled
analysis to examine to as-
sess the clinical relevance of
achieving HEMI and HEMR

Upadacitinib

Intestinal ultrasound

Prospective observational
study®®

Longitudinal prospective Tofacitanib
study®!
Prospective pilot study®? Vedolizumab

Composite endpoint of deep remission
Post hoc analysis GEMINI 1% Vedolizumab

Multicenter, observational, Adalimumab
prospective study®*
Retrospective review of VIC-  Vedolizumab

TORY Consortium data®

Standard of care

Histologic improvement = GS < 3.1

Endoscopic improvement = MES of 0 or 1.

HEMI = histologic + endoscopic improvement

Clinical remission = Mayo score < 2 points, with no individual subscore > 1

At week 8, following ustekinumab induction

e Patients with histologic improvement (283/816) ~20 times more likely to achieve week 8
clinical remission vs those without histologic improvement (OR 19.9; 95% CI, 10.7-39.5)

e Patients with histologic improvement at week 8 were ~12 times more likely to have
endoscopic improvement vs patients without histologic improvement (OR 11.9 [95% CI,
8.0-17.9])

At week 44

e Clinical remission at week 44 was achieved in 54% (76/140) patients with histological
improvement at week 8 after ustekinumab induction vs 40% (49/124) in patients without
histological improvement at week 8 (P =.0191)

e Considering patients with positive outcomes at week 44, 61% (56/92) patients with HEMI
after induction achieved clinical remission, vs 34% (24/71) of patients with histologic im-
provement alone after induction (P =.0009)

HEMI = GS < 3.1 and MES of 0 or 1

HEMR = GS < 2 and MES of 0

CS-free remission = 90-day CS-free clinical remission (total Mayo score < 2 no subscore > 1)

The proportion of patients who achieved CS-free remission at week 52 among patients with
no HEMI (n = 197) was 6%, with HEMI without HEMR (2 = 78) was 80%, and with
HEMR (7 = 45) was 89% (P < .001 comparison vs no HEMI for both HEMI without
HEMR and HEMR)

BWT assessed by intestinal US and vascularization within the affected bowel wall areas was
assessed by DCS

The percentage of patients with increased BWT was reduced significantly from 89.3% of 224
patients at baseline to 32% at week 12 (7 = 178) in the sigmoid colon and from 83.0% at
baseline to 37.6% at week 12 in the descending colon

Improvements in vascularization observed were maintained up to week 12 in both the sig-
moid and descending colon

BWT measured by intestinal US

BWT was shown to be significantly lower in patients with endoscopic improvement compared
with patients without endoscopic improvement after 8 weeks of tofacitinib treatment (ana-
lysis of 27 patients)

Vascularization of the bowel wall was assessed with high-frequency ultrasound using DCS in
18 patients at baseline and 14 weeks after vedolizumab treatment

Nine of 18 patients (11 with CD, 7 UC) responded to vedolizumab treatment and had a sig-
nificant decrease in bowel wall vascularization

Four deep remission endpoints were defined from high to low stringency:

1. Endoscopic remission + symptom improvement: MES = 0; RB = 0; decrease or no change in
baseline SF score

4. Endoscopic + symptomatic improvement: MES < 1; RB = 0; SF = <1

Vedolizumab Q8W treatment group (7 = 122 patients) or vedolizumab Q4W group (1 = 125)
had significantly higher deep remission rates than the placebo group (1 = 126) at week 52,
regardless of deep remission definition.

e  Most stringent definition of deep remission—(1) endoscopic remission and symptomatic
improvement: vedolizumab Q8W 27.0% or Q4W 28.0% vs placebo 8.7% (P <.0001 for
both comparisons)

e Least stringent definition of deep remission—(4) endoscopic and symptomatic improve-
ment: Q8W 43.4% or Q4W 43.2% vs placebo 15.9% (P < .0001 for both)

Deep remission (evaluated as a secondary endpoint) = clinical remission (pMS < 2 plus blood-
in-the-stool assessment at value 0) + mucosal healing (MES of 0 or 1)

Deep remission was achieved in 43.4% (23/53) and 58.5% (31/53) of patients at week 8 and
week 52 of adalimumab treatment, respectively

Deep remission = clinical remission (complete resolution of all UC-related symptoms) + endo-
scopic remission (MES of 0)

Among 321 patients (71% anti-TNFa experienced, median follow-up 10 months), overall
cumulative rates of deep remission were 14% at 6 months and 30% at 12 months of
vedolizumab treatment
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Table 2. Continued

Study Treatment Key study details and findings

Multicenter, retrospective, ob-  Vedolizumab Deep remission = clinical remission (resolution of diarrhea, RB and urgency) + endoscopic
servational cohort study using vs TNFa- remission (MES of 0 or 1)

propensity score weighted antagonists CS-free deep remission = no CS within 1 month of clinical remission + endoscopic remission

comparisons®®

Analyzed 454 vedolizumab-treated and 268 anti-TNFa-treated patients with UC.

Vedolizumab-treated patients were more likely to achieve deep remission (HR 1.7 [95% CI,
1.0-2.8]; P = .06) and CS-free deep remission (HR 2.8 [95% CI, 1.5-5.3]) than anti-TNFa-

treated patients
Composite endpoint of disease clearance

VARSITY, post hoc analysis of Vedolizumab vs
Phase 3 trial®” adalimumab

Disease clearance = a composite outcome based on clinical remission (pMS < 2 and no indi-
vidual subscore > 1 excluding sigmoidoscopy subscore) + endoscopic improvement (MES

of <1) + absence of active histologic disease (RHI < 5)
More patients treated with vedolizumab than adalimumab achieved disease clearance at week
52 (vedolizumab: 112/383,29.2% [95% CI, 24.7-34.1] vs adalimumab: 63/386, 16.3%

[95% CI, 12.8-20.4])

Disease clearance = clinical remission (pMS < 2, with no subscore > 1) + endoscopic remission
(MES = 0) + histological remission (NI = 0)

Multicenter retrospective real- Multiple treat-
world cohort.®® ments, most

commonly 22.1% (109/494) of patients had disease clearance after induction

Thiopurines,  Patients with disease clearance had a significantly lower risk of negative outcomes vs those
infliximab, without disease clearance; negative outcomes were any escalation of medical therapy,
Vedolizumab, UC-related hospitalization, UC-related surgery, colorectal dysplasia/neoplasia, and death
and (HR 0.22 [95% CI, 0.10-0.48]; P < .001), hospitalization (HR 0.20 [95% CI, 0.09-0.45];
adalimumab P <.001), and surgery (HR 0.14 [95% CI, 0.03-0.59]; P = .007)

Abbreviations: BWT, bowel wall thickness; CD, Crohn’s disease; CI, confidence interval; DCS, Doppler color signal; GS, Goebes Score; HEMLI, histologic
endoscopic mucosal improvement; HEMR, histologic endoscopic mucosal remission; HR, hazard ratio; IBD, inflammatory bowel disease; MES, Mayo
Endoscopic Score; NI, Nancy index; OR, odds ratio; pMS, partial Mayo score; Q4W, every 4 weeks; Q8W, every 8 weeks; RCT, randomized controlled
trial; RHI, Robarts Histology Index; TNFa, tumor necrosis factor alpha, UC, ulcerative colitis; US, ultrasound.

and tofacitinib (Table 3). Speed of response has been a focus
for 3 of these analyses, with around 20% of patients receiving
active treatment achieving PRO2 clinical remission before
or at 2 weeks posttreatment.**! Maintenance of symptom-
atic remission was the focus on the analysis with tofacitinib,
which showed 98.3% of patients in PRO2 clinical remis-
sion at the end of the maintenance phase, with nearly half of
them (48.0%) retaining that status 48 weeks later following
open-label treatment.”?> A prospective cohort study of anti-
TNFa experienced patients initiated either on vedolizumab
(n = 72) or tofacitinib (n = 33) treatment included PRO2 as a
secondary endpoint. The study reported no difference in the
proportion of patients achieving PRO2 for vedolizumab vs
tofacitinib by month 6 of treatment.”

The effect of treatment on bowel urgency symptoms has
been examined in 2 separate post hoc analyses of Phase 3
upadacitinib clinical studies using data collected from patient
electronic diaries (Table 3). Upadacitinib was more effective
than placebo at alleviating bowel urgency symptoms.***> The
new Urgency Numerical Rating Sale has been used as an
endpoint in the mirikizumab clinical trials LUCENT-1 and
LUCENT-II and the etrasimod clinical trials ELEVATE UC
52 and ELEVATE UC 12 (Table 3). Statistically significant
improvements compared with placebo on this scale have been
observed for both active treatments.’®"”

5.2 Histological remission and composite
histological-endoscopic endpoints of HEMI and
HEMR

Pivotal clinical trials for 3 drugs—vedolizumab, mirikizumab,
and etrasimod—have reported data on histological and/or the
novel composite histological-endoscopic outcomes, HEMI
and HEMR. In VARSITY,’® higher histological remission rates

were achieved for vedolizumab against the active comparator
adalimumab at week 14 and week 52, when measured using
both the GS and RHI. Statistically significant higher rates of
remission vs placebo were noted for mirikizumab at weeks 12
and 40 using the GS in the LUCENT clinical trials program.”
As well as histological remission, HEMI and HEMR were
included as outcomes in LUCENT I and II, and similar to
histological remission, treatment differences were statistically
significant in favor of mirikizumab for both these endpoints.
HEMR was included as an outcome in the 12-week induction
trial of etrasimod (ELEVATE UC 12) and the 12-week induc-
tion plus 40-week maintenance trial of etrasimod (ELEVATE
UC 52). There were significantly higher proportions of pa-
tients achieving HEMR in the etrasimod treatment groups
vs placebo at weeks 12 and 52.* One of the study centers
that took part in the vedolizumab GEMINI Phase 3 study
examined biopsy samples from their patients. The investiga-
tors found that, of the 22 patients with endoscopic remission,
12 (55%) also showed histological remission (ie, HEMR).”®
The clinical relevance of reducing histological inflammation
with biologics and small molecules has also been examined
using clinical trial data. Histological improvement, HEMI,
and HEMR have been associated with CS-free remission,
clinical remission, and symptomatic remission.*>’”% An in-
terim analysis of data from the VERDICT study, evaluating
optimal treatment targets in patients with moderate-to-severe
UG, recently reported on 212 patients with observed data as-
signed to the treatment target of CS-free disease clearance;
defined as symptomatic remission (Mayo RB subscore = 0)
+ endoscopic improvement (MES < 1) + histologic remission
(GS < 2B.0). Patients received IV vedolizumab 300 mg fol-
lowing a treatment algorithm featuring early vedolizumab
treatment. At week 16, 86 (41%) of patients achieved their
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Table 3. Studies of biologic and small molecule therapies using novel patient-reported outcomes in UC.

Study Treatment Key study details and findings

Rectal bleeding plus stool frequency (PRO2)

Post hoc analysis of Vedolizumab PRO2 clinical remission = RB of 0 and SF < 1

GEMINI 1, GEMINI 2, A significantly higher proportion of patients achieved PRO2 clinical remission in the vedolizumab
and GEMINI 3% group (7 = 225) than the placebo group (7 = 149) at weeks 2, 4, and 6 overall and in anti-

TNFa-naive patient subgroups vedolizumab-treated (7 = 130) and placebo-treated (7 = 76). No
treatment differences among anti-TNFa-experienced patients.
Vedolizumab vs placebo, overall

o Week 2: 19.1% vs 10.1%, difference adjusted change 9.0% (95% CI: 2.0-16.1)
o Week 4: 28.0% vs 14.8%, difference adjusted change 13.2% (95% CI: 5.1-21.4)
o Week 6:33.8% vs 16.8% difference adjusted change 17.0% (95% CI: 8.4-25.6)

Post hoc analysis of Ustekinumab PRO2 clinical remission = RB of 0 and SF < 1

UNIFI*® At week 2, ustekinumab-treated patients in the 130 mg IV (7 = 320) and ~6 mg/kg IV (n = 322)
dose groups achieved a significantly higher rate of PRO2 clinical remission (20.0%; P = .015)
and (20.2%; P = .012) compared with (12.9%) for patients in the placebo group (7 = 319)

The percentage of patients achieving PRO2 clinical remission increased from baseline through

week 16 for both ustekinumab groups

Post hoc analysis SELEC-  Filgotinib PRO2 clinical remission = RB of 0 and SF < 1

TION trial®! PRO2 clinical remission was significantly higher in patients treated filgotinib 200 mg (7 = 262) vs
placebo (7 = 142) by day 9 in biologic-naive patients (18.8% vs 9.5%; P = .0144) and by day 7
in biologic-experienced patients (10.7% vs 4.2%; P = .0155)

Post hoc analysis of Tofacitanib PRO?2 clinical remission = RB of 0 and SF< 1
OCTAVE clinical pro- After 52-week maintenance tofacitinib 5 mg twice daily treatment in the OCTAVE Sustain study,
gram®? 172 patients in remission continued treatment in the 4-year OCTAVE Open study; 84/172
(48.0%) were in PRO2 clinical remission by month 48
Prospective cohort Vedolizumab PRO?2 clinical remission = RB of 0 and SF < 1 as a secondary endpoint
study® and No difference between vedolizumab-treated (7 = 72) and tofacitinib-treated (7 = 33) patients
tofacitinib achieving PRO2 remission at month 6

Bowel urgency

Post hoc analysis Upadacitinib Bowel urgency was recorded daily by the patient via electronic diary reporting on the previous 24
of induction study hours
U-ACHIEVE* At week 8, a higher proportion of patients who received upadacitinib 15-45 mg vs placebo-

treated patients reported no bowel urgency

e Greatest improvement for patients receiving upadacitinib 45 mg QD (7 = 56); 46.4% re-
porting no bowel urgency at week 8 compared with 8.7% for placebo (7 = 46), a 37.7%;
difference (95% CI, 18.1-54.0); P < 0.001

Post hoc analysis of Upadacitinib Bowel urgency was recorded daily by the patient via electronic diary reporting on the previous 24
U-ACHIEVE and hours
U-ACCOMPLISH? A larger proportion of upadacitinib-treated patients (7 = 660) reported no bowel urgency com-

pared with the placebo group (17 = 328) at weeks 2-8 and at week 52
Percent of patients reporting no bowel urgency induction treatment, upadacitinib vs placebo

Baseline: ~8% both groups

Week 2: 35.8% vs 13.7%; P <.001
Week 4: 44.3% vs 16.5%; P <.001
Week 6:46.9% vs 19.0%; P <.001
Week 8: 51.1% vs 23.8%; P <.001

Maintenance treatment upadacitinib 15 mg and 30 mg vs placebo

o Week 8: 64.9% and 64.3% vs 49.7%; P < .01
o Week 52: 56.1% and 63.6% vs 17.4%; P < .001

LUCENT I and LUCENT Mirikizumab Bowel urgency measured on the UNRS from daily patient-recorded information on the severity of
¢ bowel urgency
At week 12, reduction from baseline UNRS (least squares mean = SE) was -2.59 = 0.08 in
mirikizumab-treated patients (7 = 868) vs =1.63 = 0.1 for the placebo group (7 = 294); P < .001
At week 52, mirikizumab induction responders re-randomized to mirikizumab (7 = 365) or pla-
cebo (7 =179) reported a significantly greater mean UNRS change from induction baseline in
mirikizumab-treated patients -3.80 = 0.14 than the placebo group -2.74 = 0.20; P < .001

Subset of patients with Etrasimod Bowel urgency measured on the UNRS in patients with isolated proctitis

proctitis in ELEVATE At week 12, reduction from baseline UNRS (least squares mean) was -2.76 in etrasimod-treated
UC 52 and ELEVATE patients (7 = 35) vs -0.16 in the placebo group (7 = 16), difference -2.60 (95% CI: -4.47-
ucC 1277 0.73); P <.007. No treatment-related differences at week 52

Abbreviations: IV, intravenous; QD, once daily; RB, rectal bleeding; SF, stool frequency; UNRS, Urgency Numerical Rating Scale.
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Table 4. Studies of biologic and small molecule therapies using novel IBD outcomes in CD

Study

Treatment

Key study details and findings

Histological remission/healing

VERSIFY—Phase 3b,
prospective, open-
label, single-group
study'®”

LOVE-CD—Pro-
spective study at

tertiary centers in
Belgium and The
Netherlands'?

EXTEND—
Multicenter, random-
ized, double-blind,
placebo-controlled
clinical

trial'!

Post hoc analysis of
Phase 2 SERENITY
trial''?

Vedolizumab

Vedolizumab

Adalimumab

Mirikizumab

Transmural remission/healing

VERSIFY—Phase 3b,
open-label, single-
group study using
MRE (MaRIA)—ex-
ploratory endpoint'®”

Real-world pro-
spective observational
study using MRI or
intestinal US'3

Retrospective obser-
vational single-center
study using MRE
(MaRIA)!H

Vedolizumab

Ustekinumab

Ustekinumab

Histologic remission = no neutrophils in the epithelium in patients with neutrophils in the epithe-
lium at baseline (exploratory endpoint)

Primary study population (1 = 101) patients with inadequate/loss of response/intolerance
to standard CD treatments (CS, immunosuppressants or anti-TNFa agents) treated with
vedolizumab for up to 26 weeks

Substudy population comprised 56 patients treated with vedolizumab for up to 52 weeks

Histological remission with vedolizumab treatment

o Week 26 in 14/92 (15.2% [95% CI, 8.6-24.2]) patients in the primary study
e Week 52 in 11 of 55 patients (20% [95% CI, 10.4-33.0]) in the substudy

Histological remission = GS < 3.1 (absence of neutrophils in the epithelium) or RHI < 6 (absence
of granulocyte in mucosal biopsies)

Study population included both anti-TNFa-experienced and -naive patients with CD and ulcer-
ations at baseline endoscopy, analysis of paired biopsies from all segments at baseline and week
26 where active inflammation (GS > 3 or RHI > 7) was present at baseline

Histological remission with vedolizumab treatment

o Week 26 in 64% (43/67) of patients based on GS and 66% (37/56) of patients based on RHI
scores

Histological healing = GHAS < 2 assessed in the ileum and colon

Among patients with CD receiving maintenance adalimumab treatment and who had a colon/
ileum GHAS score > 3 at baseline,

Histological remission with adalimumab

e Week 52 histological remission in the colon (17 = 53) achieved by 28.3% of patients and in the
ileum (1 = 33) by 21.2%

Histologic remission = absence of mucosal neutrophils or epithelial damage

3 histology scoring systems employed: RHI, modified GHAS, and active GHAS

At week 12, rates of histological remission in all intestinal segments were greater in mirikizumab-
treated patients 26% (13/50) than placebo-treated patients 6% (3/49); P < .01

At week 52, 13%-31% of mirikizumab-treated patients achieved histological remission in all in-
testinal segments

Radiologic remission = MaRIA scores < 7 in all segments, or MaRIA scores < 11 in all bowel seg-
ments in those patients with scores of >7 or >11 in at least 1 segment at baseline, respectively
(exploratory endpoint)

MRE evaluations performed in 32 patients (primary study) treated with vedolizumab for up to 26
weeks and 21 patients (substudy) treated with vedolizumab for up to 52 weeks

MaRIA-7 radiologic remission

Week 26 in 7/32 patients (21.9%; 95% CI, 9.3-40.0)

Week 52 in 8/21 patients (38.1%; 95% CI, 18.1-61.6)

MaRIA-11 radiologic remission

Week 26 in 11/32 (34.4%; 95% CI, 18.6-53.2)

Week 52 in 9721 (42.9%; 95% CI, 21.8-66.0)

Transmural healing = complete healing of all layers of the bowel as assessed by MRI or normal US
examination with a decrease in BWT to values < 3 mm

Study included 92 ustekinumab-treated patients. Transmural healing at week 52 assessed by MRI
in 40 patients and intestinal US in 35 patients as a secondary endpoint.

Transmural healing in ustekinumab-treated patients

e  Week 52 transmural healing (MRI) in 15/40 (37.5%) patients
e  Week 52 transmural healing (intestinal US) in 11/35 (31.4%) patients

Transmural healing on MRE = BWT < 3 mm without any signs of inflammation (ie, ulceration,
edema, diffusion-weighted hyperintensity, and increased contrast enhancement)

Study included 37 ustekinumab-treated patients. The primary outcome was transmural healing at
week 26 evaluated using MRE, baseline predictors of transmural healing at week 26 analyzed as
a secondary outcome

Transmural healing in ustekinumab-treated patients

e  Week 26, transmural healing in 7/37 patients (18.9%)

e Week 26, decreased baseline BWT (OR 0.29 [95% CI, 0.1-0.9]; P = .035) and increased ap-
parent diffusion coefficient (OR 3.0 [95% CI, 1.0-8.9]; P = .048) were independent predictors
for transmural healing (multivariate analysis)
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Study Treatment Key study details and findings

Real-world pro- Infliximab, Transmural remission = sMaRIA score of the most affected segment < 2 on MRE

spective single-center adalimumab, Study included 134 patients treated with biologic agents (induction and 1 year of maintenance);
study using MRE ustekinumab, outcomes were compared between patients achieving or not achieving transmural remission

(sMaRIA)!S

Observational
multicenter study in
France using MRE
(MaRIA)!6

Real-world pro-
spective observational
single center study
using intestinal US'”

Real-world pro-
spective multicenter
study using intestinal
US]IS

MORE—Prospective
multicenter study in
China, using intestinal
Usll9

STARDUST—
multicenter, phase 3b
randomized study,
with intestinal US
substudy'?’

and vedolizumab

Anti-TNFa

Anti-TNFa

Adalimumab,
infliximab,
vedolizumab,
and ustekinumab

Infliximab

Ustekinumab

Transmural remission rate at 1 year was 40% (54/134 patients)
After a median of 30 months, 43 (32%) patients were hospitalized

e Patients with transmural remission had a lower risk of hospitalization than those without re-
mission (P <.01)

e Hospitalization-free rates were 96 %, 94%, and 91% after 12, 24, and 36 months follow-up,
respectively.

e Adjusted HR of transmural remission for predicting hospitalization was 0.11 (95% CI, 0.04-
0.32); P< .01

e Patients with transmural remission had a lower risk of surgery than those without (P <.01)

e Adjusted HR of transmural remission for predicting surgery was 0.02 (95% CI, 0.00-0.92);
P=.04

Transmural response = 225% improvement in MaRIA score

Analysis of 46 infliximab-treated patients with MRI data at baseline, and weeks 12 and 52 fol-
lowing anti-TNFa treatment

Transmural response at week 12 (OR 4.2 95% CI, 1.3-13.3; P = .015) was predictive of
corticosteroid-free remission at week 52

Transmural healing = BWT < 3 mm measured using intestinal US

1-year clinical outcomes evaluated in 218 patients treated with anti-TNFa therapies (infliximab or
adalimumab) for 2 years compared in patients achieving vs not achieving transmural healing

Transmural healing in 68/218 patients (31.2%) after 2 years of anti-TNFa treatment

e At 1-year follow-up, transmural healing associated with a higher rate of steroid-free clinical
remission than mucosal healing alone and no healing, 95.58%, 75%, and 41.11%, respectively
(P <.001)

e Hospitalization during 1-year follow-up was significantly lower in the transmural healing
group (8.8%) than the mucosal healing group (28.3%) and no healing group (66.6%;

P <.001) and occurred later than in patients with mucosal healing (HR 0.88 [95% CI, 0.69-
0.95; P = .007) or no healing (HR 0.58 [95% CI, 0.44-0.75]; P = .008)

e Need for surgery during 1-year follow-up was significantly lower in patients with transmural
healing vs and those with mucosal healing or no healing (P = .007) and occurred later than pa-
tients with mucosal healing (HR 0.94 [95% CI, 0.84-0.98]; P = .009) or no healing (HR 0.79
[95% CI, 0.62-0.84]; P = .006)

e At 1-year follow-up, transmural healing was an independent risk factor for steroid-free clinical
remission, and reduced need for hospitalization and surgery

Transmural healing = normalization of intestinal US parameters

Analysis included 188 patients with CD treated with a biologic (adalimumab 7 = 103, infliximab
n =31, vedolizumab 7 = 24, and ustekinumab 7 = 30) and followed up for 1 year, intestinal US
was performed at baseline and months 3, 6, and 12°

Transmural healing rate at Months 3, 6, and 12 was 16.4%, 24.5%, and 27.5%

e Transmural healing at 12 months: 37% infliximab-treated patients, 27.2% vedolizumab-
treated, 26.5% adalimumab-treated, and 20% ustekinumab-treated

Transmural healing = BWT < 3.0 mm, preserved BWS, DCS 0-1, and the absence of i-fat in the
most affected segment identified by intestinal US

Study included 129 patients who received infliximab for >44-52 weeks. Intestinal US performed at
baseline, weeks 14-26, and post-maintenance weeks 44-56.

Weeks 44-56

e 49/129 (38.0%) of infliximab-treated patients achieved transmural healing

e Multivariate analysis of baseline intestinal US factors identified the presence of i-fat at baseline
as the best independent negative predictor for transmural healing (adjusted OR 0.57 95% CI,
0.38-0.87; P = .008)

e High BWT after induction was the best independent post-induction negative predictor for
transmural healing (OR 0.24 95% CI, 0.14-0.42; P <.001)

Transmural remission = 225% BWT reduction from baseline and normalization of all intestinal
US parameters

Substudy evaluated intestinal US parameters for 77 ustekinumab-treated patients with intestinal
US assessments for exploratory analysis

Week 48

e Transmural remission achieved in 24.1% of ustekinumab-treated patients (7 = 54)
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Table 4. Continued

Study Treatment Key study details and findings
Deep remission
Exploratory analysis Adalimumab Deep remission = absence of mucosal ulceration plus clinical remission (CDAI < 150)
of data from random- Rates of deep remission (secondary study outcome) compared between the continuous
ized, double-blind adalimumab and adalimumab induction/placebo treatment groups at weeks 12 and 52
controlled study EX- Deep remission rates for continuous adalimumab vs adalimumab induction/placebo
TEND”
o Week 12: 10/62 (16%) vs 6/61 (10%) (P = .34)
o Week 52: 12/62 (19%) vs 0/61 (0%) (P <.001)
Patients with early deep remission by week 12 (7 = 11) vs without early deep remission (12 = 53)
e Fewer hospitalizations 0/11(0%) vs 9/53 (17%)
e Fewer CD-related surgeries 0/11 (0%) vs 5/53 (9%)
Real-world Ustekinumab Deep remission = complete resolution of CD-related symptoms on PGA in the absence of CS + ab-

multicenter retro-
spective cohort study
conducted in Scot-
land!?!

Propensity matched Ustekinumab and

retrospective analysis vedolizumab
of data from 2 referral

centers in France!?

Patient-reported outcomes

Post hoc analysis Tofacitanib

Phase 2b trials'>

CELEST Phase 2
dose-ranging study

Upadac itinib

124

sence of mucosal ulceration/erosions on ileocolonoscopy
Analysis of deep remission (secondary endpoint) included 123 ustekinumab-treated patients
Cumulative rates of deep remission

e 6 months 8.5% (17 =68)
e 12 months: 19.3% (n=19)

Deep remission = CS-free clinical remission + deep biological remission of fecal calprotectin < 100
ng/g) at week 14 and week 24

Analysis of deep remission (secondary endpoint) included 87 ustekinumab-treated and 45
vedolizumab-treated patients. Propensity score matching and inverse probability weighting
(IPTW) were applied to minimize baseline group differences

Deep remission after IPTW ustekinumab vs vedolizumab

o Week 14: 17.9% vs 5.7% (P = .047)
o Week 24: 26.6% vs 16.1% (P = .58)

PRO2-75 clinical remission = the sum of SF score and AP score < 75

PRO3-80 clinical remission = the sum of SF score, AP score, and general well-being score < 80

Post hoc analyses of PRO endpoints at week 8 with non-responder imputation included 180 pa-
tients treated with tofacitinib 5 mg (17 = 85), 10 mg (z = 86), or placebo (7 = 90)

Clinical remission at week 8 for tofacitinib 5 mg, 10 mg and placebo treatment groups

e PRO2-75:50/85 (58.8%), 48/86 (55.8%), and 36/90 (40.0%) (P < .05 for tofacitinib § mg and
10 mg vs placebo)

e PRO3-80: 33/85 (38.8%), 31/86 (36.1%), and 22/90 (24.4%) (P < .05 for tofacitinib § mg vs
placebo)

PRO?2 clinical remission = average daily SF of <1.5 and AP score of <1.0, with neither worse
than the baseline value, was a week 16 PRO2 clinical remission was evaluated as co-primary
endpoint with endoscopic remission. Study included 220 patients randomized to receive placebo
(n = 37), or upadacitinib 3 mg BID (7 = 39), 6 mg BID (1 = 37), 12 mg BID (n = 36), or 24 mg
BID (12 = 36) or 24 mg QD (1 = 35)

Week 16 PRO2 clinical remission rates were 13%, 27%, 11%, 22%, and 14 % for upadacitinib
3 mg BID, 6 mg BID and 12 mg BID, 24 mg BID, 24 mg QD, 11% for placebo.

Abbreviations: aHR, adjusted hazard ratio; AP, abdominal pain; BID, twice daily; BWS, bowel wall stratification; BWT, bowel wall thickness; CD, Crohn’s
disease; CDAL Crohn’s disease activity index; DCS, color Doppler signal; CI, confidence interval; CS, corticosteroid; GHAS, global histologic disease
activity score; GS, Goebes Score; IBD, inflammatory bowel disease; i-fat, inflammatory mesenteric fat; QD, once daily; MaRIA, Magnetic Resonance Index
of Activity for CD; MRE, magnetic resonance enterography; MRI, magnetic resonance imaging; PGA, Physicians Global Assessment; PRO, patient-reported
outcome; RHI, Robarts Histology Index; S, stool frequency; sMaRIA, simplified Magnetic Resonance Index of Activity for CD; TNFa, tumor necrosis

factor alpha; US, ultrasound.

assigned target of CS-free disease clearance, including 77/186
(41%) biologic-naive and 9/26 (35%) biologic-experienced
patients.”

5.3. Cross-sectional imaging to measure disease
activity in CD

Cross-sectional imaging techniques include computed tom-
ography enterography (CTE), MRE, and intestinal US.*
Although CTE is widely and routinely available, use of
ionizing radiation makes it unsuitable for the serial exam-
inations required for IBD management, so its principal use

is in diagnosis.*> MRE is performed after administration of
oral contrast medium to better visualize intestinal loops.
MRE activity scores have been developed as a means of
obtaining objective and standardized reports of findings.
The Magnetic Resonance Index of Activity for CD (MaRIA)
was the first and best validated of these; however, practical
limitations, including the time needed to calculate MaRIA
scores, has resulted in the development and validation of a
simplified version, sMaRIA, which can measure CD disease
activity, severity, and response to therapy.**1°%1%! Both MaRIA
and sMARIA scores have demonstrated good interobserver
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agreement and responsiveness to change.!*»1% The Lémann
index, developed as a tool for assessing cumulative structural
bowel damage in CD and damage progression over time, was
recently updated and externally validated in a prospective,
multicenter, cross-sectional observational study. The results
demonstrated good correlation with expert investigator as-
sessment and the index was considered useful for assessing
midterm CD complications in disease modification trials, es-
pecially with centralized reading and ongoing modification to
increase usability.'® It has also demonstrated responsiveness
to reversal of bowel damage following anti-TNFa therapy.!%
Although less accurate than MRE for exploring some parts
of the intestinal tract, especially the proximal small bowel,
intestinal US has significant advantages in terms of greater
availability, lower costs, minor invasiveness, and greater pa-
tient acceptability.*! Two simple intestinal US disease activity
indices, the simple IUS score and the IBUS-SAS score, have
been developed and validated.!0¢-10

5.4. Cross-sectional measures using intestinal US
as endpoints

There have been few studies measuring the effect of treatments
on disease activity using intestinal US for cross-sectional im-
aging in UC. Improvements in BWT and vascularization have
been observed following treatment in 3 prospective studies of
various sizes.%0-

5.5. Composite endpoints of deep remission and
disease clearance

While deep remission is broadly described as concurrent
clinical and endoscopic remission or mucosal healing, there
is no definitive, precise definition. Rates of deep remission
(defined using various combinations of endoscopic and clin-
ical outcomes) ranged from 27.0% to 58.5% after 1 year
of vedolizumab or anti-tumor necrosis factora (anti-TNFa)
treatment.®>% In a weighted, propensity score analysis,
vedolizumab-treated patients were more likely to achieve
deep remission and steroid-free deep remission than those re-
ceiving anti-TNFa treatments.® There have been few studies
with biologics or small molecules reporting on the more strin-
gent composite outcome of disease clearance, which includes
concurrent clinical, endoscopic, and histological remission.
Rates of disease clearance of between 16.3% and 29.2% have
been reported.®”*¥ A post hoc analysis of the VARSITY study
suggests that patients treated with vedolizumab were more
successful at reaching this endpoint than those treated with
adalimumab.’” Achieving disease clearance has been associ-
ated with a significantly lower risk of escalation of medical
therapy, UC-related hospitalization, UC-related surgery, colo-
rectal dysplasia/neoplasia, and death.%®

6. Clinical studies employing novel
endpoints in CD

Data from novel outcome measures used in clinical studies of
patients with CD are shown in Table 4.

6.1. Novel PROs as endpoints

The novel interim PROs for assessing clinical remission in pa-
tients with CD, PRO2, and PRO3 are now used as endpoints
in Phase 2 clinical trials of small molecules such as tofacitinib
and upadacitinib. In the Phase 2 tofacitinib study, PRO2-75
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and PRO3-80 were post hoc exploratory endpoints, while
PRO2 was the co-primary endpoint in CELEST, the dose-
ranging study of upadacitinib.'?'?* Tofacitinib § mg was
significantly more effective than placebo at inducing clinical
remission as measured by the PRO2-75 and PRO3-80 out-
come measures.'?> Higher rates of clinical remission at week
16 were achieved with some but not all doses of upadacitinib
vs placebo in the CELEST study.!*

6.2. Histological remission/healing as a novel
endpoint

Histological remission in patients with CD has been meas-
ured under different trial designs and using a range of indices
and definitions in various patient populations treated with
biological agents. Reported rates of histological remission
ranged from 15% to 66% at week 24 and from 13% to 31%
at week 52.109-112

6.3. Transmural healing as a novel endpoint

A systematic review published by Geyl and colleagues in
2021 reported rates of transmural healing in CD after anti-
TNFa treatment (assessed using MRE, bowel US, and CTE,
897 patients in 10 studies) ranging from 14% to 42%.7°
Table 4 shows data on transmural healing with other bio-
logic agents and data on anti-TNFa agents published after
2021 that were not included in the Geyl review; rates of trans-
mural healing assessed using MRE, under various definitions
of healing, ranged from 18.9% to 40% after 6-12 months
of treatment.!!3-15 For intestinal US, transmural healing
rates during maintenance therapy (week 44 up to 2 years
of treatment) ranged from 24% to 38%.!""2° Transmural
healing was associated with a higher rate of CS-free remis-
sion and a lower risk of hospitalization and surgery, and was
an independent risk factor for CS-free clinical remission at 1
year, 115117

On MRE, parameters of decreased baseline BWT and in-
creased apparent diffusion coefficient were independently
associated with a higher likelihood of transmural healing.'*s
With intestinal US assessment, parameters such as the pres-
ence of inflammatory mesenteric fat at baseline and greater
BWT post-induction were found to be negative predictors of
transmural healing.'"’

6.4. Deep remission as a composite endpoint
Similar 1-year deep remission rates of 19% (where deep
remission was defined as clinical remission plus mucosal
healing) were achieved in patients treated with adalimumab
in the EXTEND clinical trial or ustekinumab in a real-world
retrospective study.”>!2! A propensity score-matched analysis
comparing rates of deep remission (defined as clinical and
deep biologic remission) found no difference in 6-month rates
of deep remission between ustekinumab and vedolizumab
treatments.'?

7. Future considerations

Future aspirational treatment targets for patients with IBD
include intestinal barrier healing and molecular healing.
Confocal laser endomicroscopy (CLE) is a high-resolution
imaging technology that enables functional assessment of the
integrity of the intestinal barrier. Pilot studies using CLE have
indicated that barrier dysfunction in patients with IBD correl-
ates with ongoing bowel symptoms and disease relapse.'>5-12”
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A large prospective study (ERIca) has recently shown that
barrier healing is a better prognostic indicator than either
endoscopic or histologic remission, alone or in combination,
for forecasting the occurrence of major clinical events in both
UC and CD. The study, by Rath and colleagues, lends support
for considering the analysis of intestinal barrier function as a
future treatment target in clinical trials.'?

Molecular healing is the concept of restoring the specific
inflammatory pathways involved in the etiopathogenesis of
IBD. A biopsy molecular inflammation score (bMIS) and a
circulating biomarker (cirMIS) gut inflammation score have
been developed for the assessment of inflammatory markers.
The bMIS may enable a more objective, granular, and sen-
sitive measure of disease activity in IBD patients while the
cirMIS provides a less invasive blood test for assessing disease
activity. In an evaluation of these tools, both bMIS and cirMIS
were strongly associated with clinical, endoscopic, and histo-
logical disease activity indices and both were responsive to
IBD treatment. In addition, in patients considered macroscop-
ically and microscopically “normal,” but with residual high
bMIS/cirMIS (in UC) or high cirMIS (in CD) levels, rates of re-
lapse were greater. These data support the hypothesis that re-
sidual molecular inflammation may predict relapse. Targeting
inflammation that may persist at the molecular level, even in
the presence of endoscopically or histologically normal mu-
cosa, could present a future treatment target in IBD.

8. Conclusions

Over the past 2 decades, targeted therapies, including biologic
agents and small molecules, have dramatically changed the
treatment landscape and improved quality of life for people
with IBD.

The ultimate goal of IBD treatment is to modify the course
of the disease, so as to prevent disease extension in UC or
bowel damage in CD and subsequent disability. This involves
selecting optimal treatments, close monitoring according to
appropriate therapeutic targets, and therapeutic adjustments
throughout the disease course. It is therefore imperative to
have an evidence base for novel outcomes showing that they
reliably reflect modifications to the pathophysiological course
of IBD and are predictive for reduced risk of complications
and morbidities.

Endpoints have evolved over the years to become more
stringent. In UC, histological remission and the composite
histological-endoscopic endpoint have been associated with
clinical, symptomatic, and CS-free remission, but data on
indicators of disease modification (such as risk of hospital-
ization, UC-related surgery, or neoplasia) are still required.
Disease clearance in UC has been associated with a signifi-
cantly lower risk of UC-related hospitalization, UC-related
surgery, colorectal dysplasia/neoplasia, and death; however,
a consensus definition of disease clearance is lacking. In CD,
transmural healing is predictive of a reduced need for hos-
pitalization and surgery but there is a need for clarification
of definitions using MRE or intestinal US. One further chal-
lenge is that current IBD management and treatments rou-
tinely achieve rates of only 40% for histological healing in
UC and transmural healing in CD. Newer treatments and
management strategies such as treating earlier in the disease
course may allow these targets to be achieved by a larger
proportion of patients. For these new, deeper endpoints, evi-
dence for their superiority is heavily reliant on observational
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data and retrospective analysis. Evidence from disease modi-
fication trials is needed which aim to confirm the impact of
current and novel outcomes on the course of IBD, including
those recommended in the SPIRIT guidelines (Table 1). Data
readouts from studies like VERDICT# (NCT04259138) and
VECTORS (NCT06257706) may be useful.
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