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Introduction: Treatment goals for ulcerative colitis (UC) are evolving from the achievement of clinical Received 5 June 2023
remission to more rigorous goals defined by endoscopic and histologic healing. Achievement of deeper Accepted 1 March 2024
remission targets aims to reduce the risk of colectomy, hospitalizations, and colorectal cancer.
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well as potential future treatment targets beyond histologic remission. remission; clinical trial
Expert opinion: Histologic assessments are used for their sensitivity in measuring mucosal inflamma- endpoints; inflammatory
tory changes in UC. Due to correlation with disease activity, histologic assessments may support clinical bowel diseases

decision-making regarding treatment decisions as such assessments can be associated with rates of
clinical relapse, hospitalization, colectomy, and neoplasia. While histologic remission is limited by
varying definitions and multiple histologic indices, work is ongoing to create a consensus on the use
of histologic assessments in clinical trials. As research advances, aspirational targets beyond histologic
remission, such as molecular healing and disease clearance, are being explored.

PLAIN LANGUAGE SUMMARY

Ulcerative colitis (UC) is the most common inflammatory bowel disease and often results in bloody
diarrhea, frequent bowel movements, and bowel urgency. Patients with UC are at greater risk for
hospitalization, surgery, and colorectal cancer. To reduce these risks, the goals of UC treatment are
changing from mainly addressing symptoms to reducing inflammation at a deeper histologic, or
microscopic, level. The inflammation in UC causes distinct microscopic changes in the colon, which
can be assessed after collecting biopsies or tissue samples. This review provides an overview of
histologic remission (when no signs of inflammation are seen in tissue samples viewed under
a microscope) as a treatment goal in UC.

Histologic remission has been shown to be associated with lower rates of relapse, hospitalization,
surgical removal of the colon, and colorectal cancer. However, using histologic remission as a treatment
target can be difficult due to varying definitions and the many different scoring assessments available
to healthcare providers. Updated guidance from regulatory agencies and academic organizations has
helped align definitions of histologic remission and how to assess histologic healing in clinical trials.

The introduction of targeted advanced therapies has allowed for deeper healing with the potential
for histologic resolution. This enables clinicians and researchers to aim for treatment targets that are
harder to achieve but have a greater impact for patients in the course of their disease. New technol-
ogies such as artificial intelligence, high-resolution endoscopy, and digital pathology have also led to
targets beyond histologic healing, aiming to restore the function of the colon’s mucosal barrier and
disease clearance.

1. Introduction ] ) ) ] ]
inflammation present in UC may be observed in the large intes-

Ulcerative colitis (UC) has a complex pathogenesis involving tine, beginning in the rectum, and extending proximally to varying
genetics, environment, epithelial barrier defects, dysregulation of  extents [1,3]. Histologic characteristics of UC include changes in
immune responses, and gut microbiota [1-4]. The mucosal mucosal architecture (diffuse crypt atrophy and distortion),
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Article highlights

o The rise of imnmunotherapies has influenced the increasing recognition
of histology for its sensitivity in detecting “deeper” mucosal healing
and established disease clearance and molecular healing as aspira-
tional treatment targets.

e Assessment of histologic remission may improve the accuracy and
precision of treatment decisions and serve as predictor of improved
clinical outcomes, including decreased rates of hospitalization, clinical
relapse, colectomy, and neoplasia.

 Significant barriers to the adoption of histology remain including
inconsistent histologic target definitions, lack of standardized endo-
scopic and histologic recommendations, variability in biopsy interpre-
tation, and high patient burden due to invasive biopsy collection.

changes in the lamina propria cellularity, immune cell infiltration
(crypt abscesses and basal plasmacytosis), epithelial injury, and
mucus depletion [3,5]. Common UC symptoms include bloody
diarrhea, increased stool frequency, and urgency of bowel move-
ments [1,3]. Symptoms are experienced by patients in a relapsing-
remitting pattern [1,6-9]. UC is associated with long-term adverse
outcomes, including hospitalization, colectomy, colorectal dyspla-
sia, and cancer [3,6,10].

To improve long-term patient outcomes, UC treatment
goals are shifting from symptomatic treatment (i.e. clinical
remission) to achieving mucosal healing and disease clearance
[3]. Mucosal healing can refer to endoscopic remission or
endoscopic and histologic remission. Histologic improvement
and remission in UC may indicate a ‘more complete’ or ‘dee-
per’ remission, which could benefit patients beyond endo-
scopic targets [3,5,11,12]. This review explores histologic
assessments, histologic remission and combined histologic-
endoscopic measures as clinical trial endpoints, associations
between histologic disease activity and clinical outcomes, and
areas for future research.

2. Current treatment goals in UC

The evaluation of UC therapies in clinical trials and clinical
practice requires clear treatment goals [11,13]. The selection
of a therapy for a given patient is complicated by the avail-
ability of multiple treatments with varied efficacy and safety
profiles [12]. Clinical decision-making is determined by
a treatment’s ability to induce and maintain remission, reduce
short-term colectomy risk, and patient safety [11,12].

Although many clinical and endoscopic parameters have
been proposed, there is no unanimous definition of remission
in UC [14]. There is a growing consensus that the primary
target in UC should be clinical and/or patient-reported remis-
sion, defined as the absence of rectal bleeding and return to
normal bowel habits combined with endoscopic remission
(Mayo endoscopic subscore, MES < 1) [5,10]. Histologic remis-
sion is an additional evolving target. While there is no stan-
dardized definition, histologic remission is an endpoint in
some recent UC clinical trials. A systematic review of UC cohort
studies by Yoon et al. identified that the 12-month risk of
clinical relapse was 28.7% for patients with an MES of 1 and
13.7% for an MES of 0, compared to 5.0% for patients achiev-
ing histologic remission [15].

2.1. From treat-to-target to treat-to-clearance

The ‘treat-to-target’ approach, focusing on remission, was
most notably developed and implemented in the context of
rheumatoid arthritis and has been applied in other areas [16].
In UC, a treat-to-target approach aims to resolve underlying
inflammation, leading to the healing of the mucosa [17,17-19].
The definition of mucosal healing has been evolving from
focusing only on endoscopy to including histology as well
[20]. Both components of endoscopic and histologic healing
have been recognized as important due to the persistence of
microscopic disease activity in the context of clinical remission
in some patients [21]. Targeting mucosal healing may also be
cost-effective as it is associated with sustained remission and
reduced hospitalization and colectomy rates [17].

The 2021 Selecting Therapeutic Targets in Inflammatory
Bowel Disease (STRIDE)-II consensus does not identify histologic
remission as a treatment target but does recommend its use in
supporting endoscopic remission targets and recognizes histo-
logic remission as an aspirational therapeutic goal [22]. Of note,
STRIDE guidelines focus on feasibility in clinical practice rather
than trials [23]. However, a recent Delphi Consensus panel
recommended that inflammatory histological activity should be
absent in comprehensive disease control [24].

Observational studies have demonstrated that endo-
scopic remission does not necessarily lead to histologic
remission, as up to 40% of patients in endoscopic remis-
sion may have continued histologic disease activity as
defined by mucosal neutrophils [25-28]. Inversely, patients
in histologic remission may also have endoscopic disease
activity. Definitions of histologic remission are detailed in
Section 3 of this review. In a meta-analysis by Gupta et al.,
endoscopic remission with underlying histologic disease
activity is associated with a two-fold risk of relapse com-
pared to the achievement of both endoscopic and histolo-
gic remission [29]. In the Yoon et al. systematic review,
a meta-analysis of 10 studies in patients with MES 0
reported that persistent histologic disease activity was
associated with a three-fold risk of clinical relapse com-
pared to the achievement of histologic remission (Risk
Ratio 0.37, 95% CI: 0.24-0.56) [15]. Histology may be
a more accurate indicator of underlying inflammation com-
pared to endoscopy, especially in cases with nonexistent
or mild endoscopic evidence of mucosal inflammation
[26,30,31]. Additionally, achieving histologic remission has
a stronger negative association with corticosteroid use,
hospitalization, and colorectal cancer risk than endoscopic
or clinical remission [19].

Histologic healing is gaining traction as a target in UC
clinical trials, often as a secondary or exploratory endpoint
[17-19,29]. Disease clearance, the emergent concept of
a ‘complete’ remission encompassing clinical, endoscopic,
and histologic remission, is becoming an aspirational target
in UC. For the purposes of this review, disease clearance is
defined as the prevention of relapse and complications of UC
as a result of achieving mucosal healing that includes histolo-
gic remission. Current evidence supports the feasibility of
disease clearance, but fewer drugs may meet stringent clinical
trial endpoints [18,19,23].



2.2. Clinical and endoscopic remission targets

The 2021 STRIDE-II consensus confirmed the importance of
clinical response as an immediate target and clinical remission
as an intermediate target but noted they were insufficient as
long-term treatment targets [16,22]. STRIDE-II assigned endo-
scopic remission, which implies the absence of friability,
ulcerations, and erosions, as a long-term target [22,32].

While patient-reported outcomes are valuable for deter-
mining clinical remission, there is often a disconnect between
symptoms and objective signs of inflammation. Clinical remis-
sion with normalization in stool frequency and/or rectal bleed-
ing can be accompanied by underlying endoscopic disease
activity [33-35]. Conversely, some patients may have ongoing
symptoms despite the absence of mucosal inflammation
demonstrated by endoscopy or histology and endoscopic
remission is not always indicative of absence of bowel
urgency.

3. Relevance of histology in ulcerative colitis to date

The use of histologic remission in assessing UC is briefly
described in this section to provide important context but
has been more thoroughly covered in several previous review
articles [36,37].

3.1. Histologic remission definitions

Histopathology can confirm the UC diagnosis, exclude other
conditions or comorbidities, assess disease activity and extent,
identify dysplasia, and evaluate response to therapy [38-40].
The use of histology as a disease activity measure in clinical
practice is a relatively recent development with no widely
accepted criteria for the achievement of histologic remission
[27]. The term refers both to histologic quiescence (with some
lingering microscopic inflammation and architectural distor-
tion) and to complete normalization (resolution of microscopic
inflammation) [16,28,31,34,38,41]. Histologic remission defini-
tions are dependent on accurate and consistent histopathol-
ogy evaluations using samples stained with hematoxylin and
eosin. A harmonized and consistent definition of histologic
remission — and how to assess it via biopsy and index scores —
remains an unmet need in UC management [31,37,42,43].
Microscopic-level healing in UC progresses from histologic
improvement to histologic remission and normalization
(Table 1). Inflammatory responses in mucosal epithelial cells

Table 1. Definitions of histologic disease activity targets in ulcerative colitis.
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engage neutrophils, which release mediators needed for degra-
nulation and/or phagocytosis and recruit other immune cells.
However, excess neutrophil accumulation leads to mucosal
injury and inflammatory bowel disease (IBD) symptoms [33],
with any mucosal intraepithelial neutrophils being abnormal
[49]. For this reason, the most accepted definition for histologic
remission is the absence of neutrophilic inflammation of the
mucosa, which includes the absence of neutrophils in both the
lamina propria and epithelium [30,31]. Fecal calprotectin levels
are related to histologic remission and are associated with the
presence of epithelial neutrophils [50]. The minimum threshold
for histologic remission has recently been defined as a lack of
intraepithelial neutrophils, erosion, and ulceration [30,31].

The sensitivity of histology-based treatment targets adds
predictive value to endoscopic targets, as basal plasmacytosis
and epithelial neutrophils serve as independent risk factors for
relapse [30,31,51]. Future aspirational targets of molecular
healing may use molecular studies in addition to biopsies to
evaluate microscopic disease activity in UC [21]. A prospective
study of patients with IBD in clinical remission found that
barrier healing assessed by confocal laser endomicroscopy
(CLE) was more predictive of major adverse outcomes than
histologic remission [52]. Figure 1 provides a conceptual over-
view of current UC treatment targets and their relative pre-
dictive value from clinical remission to molecular healing.

3.2. Histologic assessments

Histologic assessments from biopsies collected 2 to 3 months after
the initiation of therapeutic intervention may help determine the
feasibility of histologic remission as the rate of histologic healing in
UC is unknown [27]. Histologic assessments are becoming
a common secondary endpoint in clinical trials [53], and indices
used for determining histologic disease activity should be robust
in reproducibility and responsiveness [36,41,49,54].

While endoscopic and histologic disease activity are not
always directly correlated, mucosal appearance on endoscopy
should influence the location of biopsies. A standardized biopsy
protocol should be developed to allow comparison between
different studies. In order to reflect changes in histologic dis-
ease activity, biopsies should be taken at 8 to 12 weeks after
randomization in induction studies and at 52 weeks in main-
tenance studies; taking 3- or 5-segment biopsies and 2 to 4
biopsies per segment can mitigate heterogeneity in histologic
disease activity [42]. However, in clinical practice, the invasive

Target Definition GS RHI NHI IBD-DCA Reference
Histologic Neutrophil infiltration in < 5% of crypts; no crypt <3.1 Proposed: Proposed: Proposed: D: [41,42,44,45]
improvement destruction, erosions, ulcerations, or 6-point 1-point any, C: <2,
granulation tissue reduction reduction Al
or<9 or<1
Histologic Colorectal mucosa without neutrophilic <2B.0 or<2.0 <3 <lor0 D: any, C: <2, [27,31,41,45-47]
remission inflammation but with indications of chronicity A: 0
(quiescent UC)
Histologic Complete normalization of the colorectal mucosa 0.0, 1.0, 2A.0, - - D=0,C=0, [27,41,48]
normalization 2B.0, 3.0, 4.0, A=0°
and 5.0

Abbreviations: A = activity features; C = chronicity; D = distribution; GS = Geboes score; IBD-DCA = Inflammatory Bowel Disease — Distribution, Chronicity, Activity;
NHI = Nancy Histologic Index; RHI = Robarts Histopathology Index; UC = ulcerative colitis.
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clinical and PRO targets

resolution of rectal bleeding and bowel
urgency, normalization of bowel habits,
and improvement in QoL

endoscopic targets

and disease clearance

normalization of endoscopy

histological targets
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Figure 1. UC treatment targets.
Abbreviations: PRO = patient-reported outcome; QoL = quality of life.

and costly nature of frequent biopsies could contribute to
patient burden and negative impacts on quality of life.
01w?>No standard procedure for histological assessment
exists for use in clinical trials [31]. Common assessments of
histological disease activity include the Geboes Score (GS),
Robarts Histopathology Index (RHI), and the Nancy Histological
Index (NHI), which are summarized in Table 2. There are at least

Table 2. Scoring of selected histologic assessments.

30 histologic indices available for use in UC, but only a few (e.g.
GS, RHI, and NHI) have been validated [27,36,41,56,58]. Figure 2
illustrates a summary timeline of key histologic index develop-
ment alongside relevant regulatory guidance.

The multiple definitions and scores used to assess histology in
UC may play a part in its underapplication as a treatment target
[41,59]. The need for validated, reproducible, and responsive

Measure and components

Scoring Reference

Geboes Grading Scale

The Geboes Grading Scale is a categorical measure ranging from 0-6 based on the highest subscore [55]

observed or 0-22 by adding all subscores, with higher scores indicating worse histological disease
activity. The worst score from available biopsies is taken.

Grade 0: Architectural changes 0.0 No abnormality

0.1 Mild abnormality

0.2 Mild/moderate diffuse or multifocal abnormalities
0.3 Severe diffuse or multifocal abnormalities

Grade 1: Chronic inflammatory infiltrate 1.0 No increase

1.1 Mild but unequivocal increase

1.2 Moderate increase
1.3 Marked increase

Grade 2A: Eosinophils in lamina propria 2A.0 No increase

2A.1 Mild but unequivocal increase

2A.2 Moderate increase
2A.3 Marked increase

Grade 2B: Neutrophils in lamina propria 2B.0 No increase

2B.1 Mild but unequivocal increase

2B.2 Moderate increase
2B.3 Marked increase

3.0 None

3.1<5% crypts involved
3.2 <50% crypts involved
3.3>50% crypts involved
4.0 None

Grade 3: Neutrophils in epithelium

Grade 4: Crypt destruction

4.1 Probable - local excess of neutrophils in part of the crypts
4.2 Probable — marked attenuation

4.3 Unequivocal crypt destruction
5.0 No erosion, ulceration, or granulation

Grade 5: Erosions and ulcerations

5.1 Recovering epithelium + adjacent inflammation
5.2 Probable erosion - focally stripped

5.3 Unequivocal erosion
5.4 Ulcer or granulation tissue

(Continued)
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Measure and components

Scoring Reference

Robarts Histopathology Index

Robarts Histopathology Index =1 x chronic inflammatory infiltrate level + 2 x lamina propria [56]

neutrophils + 3 X neutrophils in epithelium +5 x erosion or ulceration. The total Robarts
Histopathology Index score ranges from 0-33, with higher scores indicating worse histological

disease activity.
Weighted: x 1
0=No increase

Chronic inflammatory infiltrate level

1 =Mild but unequivocal increase

2 = Moderate increase

3 =Marked increase
Weighted: x 2

0=No increase

Lamina propria neutrophils

1 =Mild but unequivocal increase

2 = Moderate increase

3 =Marked increase
Weighted: x 3

0=None

1=<5% crypts involved

2 =<50% crypts involved

3 =>50% crypts involved
Weighted: x 5

Neutrophils in epithelium

Erosion or ulceration

0=No erosion, ulceration, or granulation tissue
1 =Recovering epithelium + adjacent inflammation
1 =Probable erosion - focally stripped

2 =Unequivocal erosion

3 = Ulcer or granulation tissue
The Nancy Histological Index ranges from 0-4: if ulcerations are present, 4; if clusters of neutrophils [47]

Nancy Histological Index

are present, 3; if a few neutrophils are present, 2; if moderate increase in chronic inflammatory
infiltrate, 1; if no or mild increase in chronic inflammatory infiltrate, 0.

Chronic inflammatory infiltrate

0 =No or mild increase (no histological significant disease)

1= Moderate or marked increase (chronic inflammatory infiltrate with no acute inflammatory

infiltrate)
Acute inflammatory cells infiltrate

2 =Mild (mildly active disease)

3 = Moderate or severe (moderately active disease)

Ulceration
Inflammatory Bowel Disease -
Distribution, Chronicity, Activity Score

4 =Present (severely active disease)
The Inflammatory Bowel Disease — Distribution, Chronicity, Activity Score reports each subscore
separately: DX, CX, AX, where X ranges from 0 (no disease activity) to 2 (most severe activity).

[48,57]

1 =Less than 50% of tissue affected at same biopsy location
2 =50% or more of tissue affected at same biopsy location

1= Crypt distortion and/or mild lymphoplasmacytosis
2 = Marked lymphoplasmacytosis and/or marked basal plasmacytosis

Distribution 0 = Normal
Chronicity 0 =Normal
Activity 0 = Normal

1 =2 or more neutrophils in lamina propria in 1 high-power field and/or any number of

intraepithelial neutrophils

2 =Crypt abscesses, erosions, and/or ulcers

histologic assessments that facilitate the interpretation of histo-
logic improvement in UC clinical trials has been well recognized
[41,42,56,57,60]. A 2021 systematic literature review found histo-
logic response or remission is a feasible and appropriate treat-
ment target and that collected biopsies should be scored for
crypt architectural distortion, lamina propria chronic inflamma-
tion, basal plasmacytosis, lamina propria and epithelial neutro-
phils, epithelial damage, and erosions/ulcerations [42].

The GS, RHI, and NHI are comparable and similarly deter-
mine histologic remission (Table 2); in particular, RHI and NHI
are highly correlated. A 2019 study of patients with UC
(N=377) found that all those classified as being in remission
with NHI were also in remission with RHI [50]. A subsequent
study of 422 patients compared NHI with a continuous GS and
demonstrated agreement in histologic remission and response
(correlation coefficient: 0.882, p < 0.001) [61]. Post hoc analyses
of TOUCHSTONE data reported that inter-rater reliability of the
GS, modified Riley score, RHI, NHI, and a visual analogue scale
ranged from substantial to almost perfect. The responsiveness
of those indices was considered moderate-to-large [49].

The European Crohn’s and Colitis Organization (ECCO)
recommends RHI and NHI for evaluating UC histologic disease
activity [41]. RHI and NHI are recommended for randomized
controlled trials; NHI is recommended for observational stu-
dies and clinical practice [62].

3.3. Histologic endpoints in UC clinical trials

Histopathology has been identified as a core outcome domain in
UC [63]. In particular, the emergence of immunotherapies has led
to the inclusion of histologic assessments in clinical trials due to
their sensitivity in detecting mucosal inflammatory changes and,
by proxy, treatment efficacy. The 2016 Food and Drug
Administration (FDA) guidance on UC clinical trial endpoints
recommends assessing treatment efficacy through a primary
endpoint combining endoscopy and histopathological findings.
The 2016 FDA guidance discourages defining mucosal healing
by endoscopic findings alone and suggests the use of endoscopy
in tandem with histology [20]. At the time, this recommendation
had limited evidence that histologic-endoscopic healing
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Nancy Robarts
Truelove & Histologic Histopathology IBD-DCA
Richards’ Index Geboes Score Index Index Score
1956 2000 (- 2017 — 2021
2016 2018 2022
Ulcerative Guideline on the Ulcerative
Colitis: Clinical Development of Colitis
Trial New Medicinal Developing
Endpoints Products for the Drugs for
Guidance for Treatment of Treatment
Industry Ulcerative Guidance for
r Colitis Industry
FDA l

Figure 2. Timeline of selected UC histology assessments and regulatory guidance.

EMA FDA

Abbreviations: EMA = European Medicines Agency; FDA = Food and Drug Administration; IBD-DCA = Inflammatory Bowel Disease-Distribution, Chronicity, Activity.

provided long-term benefits. The 2022 FDA draft guidance on
developing drugs for UC treatment further discouraged the use
of the term ‘mucosal healing,’” as the concept remains undefined
[64]. The 2022 guidance also noted the lack of consensus on
definitions and scoring for histologic response and remission,
recommending that sponsors justify their definitions of histolo-
gic endpoints and assessments in clinical trials [64].

The 2018 update of the European Medicines Agency (EMA)
guideline addressing the development of UC treatments
recommends histologic assessments of mucosal inflammation,
including the number of patients achieving histologic normal-
ization as a secondary endpoint in UC clinical trials [65]. In
2021, a public-private partnership was established between
the Foundation for the National Institutes of Health (FNIH),
the FDA, pharmaceutical companies, and academic centers.
The goals of this Biomarkers Consortium are to establish har-
monized definitions and evaluations of mucosal healing, influ-
encing future regulatory guidance [66]. After FDA guidance on
UC clinical trial endpoints and drug development encouraged
sponsor development of combined endoscopic and histologic
assessment scales and exploratory histologic endpoints, more
trials have designated histologic response and/or remission as
part of a histologic-endoscopic or standalone endpoint
[20,64].

Table 3 summarizes recent UC trials with histologic end-
points and compares clinical, endoscopic, and histologic
results. A substantial limitation in making such comparisons
is the heterogeneity in reported endpoints across different
studies. This heterogeneity reflects both the evolution of the
concepts and the stringency of how the endpoints were eval-
uated in each trial.

Histo-endoscopic mucosal improvement (HEMI) was the
most commonly reported combined endpoint in UC trials
and incorporated an MES of less than or equal to 1 and a GS
of less than 3.1 (defined as neutrophil infiltration in <5% of
crypts, no crypt destruction, and no erosions, ulcerations, or
granulation tissue) [68,70,75,76,78]. The importance of
absence of neutrophils, defined as a GS of less than 2B (indi-
cating no neutrophils in the epithelial crypts or lamina propria,
and no crypt destruction, erosions, ulcerations, or granulation
tissue) is reflected in how histologic remission and combined

histo-endoscopic mucosal remission (HEMR) endpoints were
defined in the mirikizumab trials [78].

Absence of any increase in eosinophils (GS < 2) is required
for histologic remission in the vedolizumab and ozanimod
trials and is included in the combined mucosal healing defini-
tion in the ozanimod, upadacitinib, and etrasimod trials
[46,68,73,75]. In the upadacitinib trials, mucosal healing
needed an MES of 0 (endoscopic remission or normalization)
in addition to a GS of less than 2 [75]. The variance in defini-
tions highlights the need for harmonization and consensus on
reporting histologic and combined histo-endoscopic endpoint
data to facilitate understanding and recognition of their clin-
ical significance.

3.4. Histologic remission and clinical outcomes

Histologic remission is more strongly associated with clinical
outcomes, including rates of clinical relapse, hospitalization,
colectomy, and neoplasia, than endoscopic remission
[26,31]. Most evidence supporting the association between
histologic remission and improved clinical outcomes comes
from retrospective and prospective observational studies.
Figure 3 illustrates these potential associations. Multiple
studies have found associations between the achievement
of histologic remission and improved clinical outcomes,
including lower risks and/or rates of relapse, hospitalization,
colectomy, and dysplasia (Table 4). Early achievement of
histo-endoscopic  mucosal  improvement served as
a stronger predictor of outcomes than histologic improve-
ment or endoscopic remission alone as demonstrated in
LUCENT trials with patients who achieved histo-endoscopic
mucosal improvement at Week 12 showing significantly
greater rates of corticosteroid-free remission, clinical remis-
sion, and symptomatic remission at Week 40 compared with
those who did not achieve histologic improvement or endo-
scopic remission [all p <0.05] [84]. Conversely, histologic
disease activity is associated with worse clinical outcomes
along these same metrics [26,79]. The recent UNIFI trial
identified residual histologic inflammation even in the pre-
sence of endoscopic improvement as an early indication of
long-term inflammatory burden [44]. Prolonged histologic
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disease activity (i.e. uncontrolled mucosal inflammation) can
also contribute to carcinogenesis [27].

Clinical, endoscopic, and histologic targets are imperfectly
correlated; therefore, the results of studies reporting their

Table 3. Histologic disease activity endpoints in clinical trials of treatments for UC.

Clinical, Endoscopic, and Histologic Results

Percent change from placebo (95% Cl) unless otherwise

Treatment, Stage, Trial(s) Endpoints indicated Ref.
Cobitolimod Primary Week 6 (2 x 250-mg dose) [67]
Phase 2b Clinical remission (MS): RBS=0, SFS<1, MES <1 Clinical remission: 3.8 (1.5-9.5)
CONDUCT (NCT03178669) Secondary Endoscopic improvement: 1.5 (0.8-2.8)
Endoscopic improvement: MES < 1 Histologic improvement: 0.8 (0.4-1.6)
Histologic improvement: NHI < 1 Values presented as odds ratio (80% Cl)
Etrasimod Primary Week 12 [68]
Approved Clinical remission (MS): RBS=0, SFS< 1, MES < 1 Clinical remission: 19.8% (12.9-26.6)
ELEVATE UC 12 (NCT03996369), Secondary Endoscopic improvement: 21.2% (13.0-29.3)
ELEVATE UC 52 (NCT03945188) Endoscopic improvement: MES < 1 Endoscopic normalization: 10.2% (4.7-15.7)
Endoscopic normalization: MES =0 Mucosal healing 16.9% (10.8-23.0)
Mucosal healing: MES <1, GS < 2 Week 52
Clinical remission: 25.4% (18.4-32.4)
Endoscopic improvement: 26.7% (19.0-34.4)
Endoscopic normalization: 20.4% (13.8-27.0)
Mucosal healing: 18.4% (11.4-25.4)
Filgotinib* Primary Week 58 (200-mg dose) [69]
Approved Clinical remission (MS): RBS=0, SFS< 1, MES < 1 Clinical remission: 26.0% (16.0-35.9)
SELECTION (NCT02914522) Secondary Endoscopic remission: 9.5% (1.8-17.1)
Endoscopic remission: MES =0 Histologic remission: 24.9% (14.6-35.2)
Histologic remission (GS): Grade 0 < 0.3, Grade 1< 1.1,
Grade 2A < 2A.3, Grade 2B =2B.0, Grade 3=3.0,
Grade 4 =4.0, and Grade 5 =5.0
Guselkumab Secondary Week 12 (200-mg dose) [70]
Phase 2b Clinical remission (MS): RBS=0, SFS<1, MES < 1 Clinical remission: 16.3% (6.3-26.3)
QUASAR (NCT04033445) Endoscopic improvement: MES < 1 Endoscopic improvement: 18.3% (7.5-29.0)
Endoscopic normalization: MES =0 Endoscopic normalization: 11.3 (2.6-20.0)
Histo-endoscopic improvement: MES < 1, GS < 3.1 Histo-endoscopic improvement: 12.1% (2.8-21.4)
Mirikizumab Primary Week 12 [71,72]
Approved Clinical remission (MS): RBS=0, SFS< 1, MES < 1 Clinical remission: 11.1% (3.2-19.1)
LUCENT-1 (NCT03518086), Secondary Endoscopic remission: 15.4% (6.3-24.5)
LUCENT-2 (NCT03524092) Endoscopic remission: MES < 1 Histologic remission: 13.7% (8.6-18.7)
Histologic improvement (GS, not reported): GS < 3.1 Histo-endoscopic improvement: 13.4% (5.5-21.4)
(neutrophil infiltration in < 5% of crypts; no crypt Week 52 (week 40 of maintenance)
destruction; and no erosions, ulcerations, or granulation Clinical remission: 23.2% (15.2-31.2)
tissue) Endoscopic remission: 28.5% (20.2-36.8)
Histologic remission (GS): GS < 2B.0 (no lamina propria Histologic remission: 22.5% (14.5-30.5)
neutrophils; no neutrophils in the surface or crypt Histo-endoscopic remission: 19.9% (12.1-27.6)
epithelium; no crypt destruction; and no erosions,
ulcerations, or granulation tissue)
Histo-endoscopic improvement: endoscopic remission
(MES <1) plus histologic improvement
Histo-endoscopic remission: endoscopic remission (MES < 1)
plus histologic remission
Ozanimod Primary Week 10 [73]
Approved Clinical remission (MS): RBS=0, SFS< 1, MES < 1 Clinical remission: 12.4% (7.5-17.2)
True North (NCT02435992) Secondary Endoscopic improvement: 15.7% (9.7-21.7)

Endoscopic improvement: MES < 1 Histologic remission: 10.8% (5.8-15.8)
Histologic remission: GS < 2 Mucosal healing: 8.9% (4.9-12.9)
Mucosal healing: Endoscopic improvement plus histologic Week 52

remission Clinical remission: 18.6% (10.8-26.4)
Endoscopic improvement: 19.4% (11.0-27.7)
Histologic remission: 17.3% (9.6-24.9)
Mucosal healing: 15.6% (8.2-22.9)
Risankizumab Primary Week 12 [74]
Phase 3 Clinical remission (MS): RBS=0, SFS< 1, MES < 1 Clinical remission: 14.1%
INSPIRE Secondary Endoscopic improvement: 24.4%
(NCT03398148), COMMAND Endoscopic improvement: MES < 1 Histo-endoscopic improvement: 16.8%
(NCT03398135) Histo-endoscopic improvement: MES < 1, GS < 3.1 Week 52 (180-mg dose, not placebo adjusted)

Clinical remission: 40%

Endoscopic improvement: 51%

Histo-endoscopic improvement: 43%
Cl not reported

(Continued)
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Table 3. (Continued).

Clinical, Endoscopic, and Histologic Results

Percent change from placebo (95% Cl) unless otherwise

Treatment, Stage, Trial(s) Endpoints indicated Ref.
Upadacitinib Primary Week 8 (U-ACCOMPLISH) [75]
Approved Clinical remission (MS): RBS =0, SFS<1, MES < 1 Clinical remission: 29.0% (23.2-34.7)

U-ACHIEVE (NCT02819635), Secondary Endoscopic remission: 15.9% (11.4-20.3)

U-ACCOMPLISH (NCT03653026) Endoscopic improvement: MES < 1
Endoscopic remission: MES =0
Histologic improvement: any decrease in GS
Histo-endoscopic mucosal improvement: MES < 1, GS < 3.1
Mucosal healing: MES =0, GS < 2

Ustekinumab Primary
Approved Clinical remission: MS < 2 (no subscores > 1)
UNIFI (NCT02407236) Secondary

Endoscopic improvement: MES < 1

Histologic improvement: < 5% neutrophils in epithelium,
no crypt destruction, and no erosions, ulcerations, or
granulations

Histo-endoscopic healing: Endoscopic improvement and
histologic improvement

Vedolizumab Primary
Approved Clinical remission: MS < 2 (no subscores > 1)
VARSITY (NCT02497469) Secondary

Mucosal healing: MES < 1
Histologic remission (GS): GS < 2
Histologic remission (RHI): RHI < 2

Endoscopic improvement: 35.1% (28.6-41.6)
Histologic improvement: 37.9% (29.8-46.1)
Mucosal healing: 11.3% (7.2-15.3)

Week 52 (30-mg dose)

Clinical remission: 39.0% (29.7-48.2)
Endoscopic remission: 19.4% (11.7-27.2)
Endoscopic improvement: 46.3% (36.7-55.8)
Mucosal healing: 13.6% (6.6-20.6)

Week 8 (130-mg dose) [76,77]
Clinical remission: 10.3% (5.7-14.9)
Endoscopic improvement: 12.5%

Histologic improvement: 16.1% (9.0-23.3)
Histo-endoscopic healing: 11.4%

Week 44 (90 mg every 12 weeks)

Clinical remission: 14.5% (5.5-23.6)
Endoscopic improvement: 15.0%

Histologic improvement: 20.9% (10.8-30.9)
Histo-endoscopic healing: 14.9% (5.7-24.2)

Cl not reported for endoscopic improvement
(Weeks 8 and 44) and histo-endoscopic healing
(Week 8)

Week 52 [46]
Clinical remission: 8.8% (2.5-15.0)

Mucosal healing: 11.9% (5.3-18.5)
Histologic remission (GS): 20.9% (15.6-26.2)
Histologic remission (RHI): 17.6% (11.3-23.8)
Values presented as percent difference from
adalimumab treatment group

Unless otherwise indicated, values represent least squares mean percent change from placebo (95% Cl). GS subscores: Grade 0 = architecture changes; Grade
1 = chronic inflammatory infiltrate; Grade 2A =lamina propria eosinophils; Grade 2B =Ilamina propria neutrophils; Grade 3 =epithelium neutrophils; Grade

4 = crypt destruction; Grade 5 = erosion and ulceration.

Abbreviations: Cl = confidence interval; GS = Geboes score; MS=Mayo score; MES =Mayo (or mucosal) endoscopic subscore; NHI=Nancy histological index;
RBS = rectal bleeding subscore; RHI = Robarts histopathology index; SFS = stool frequency subscore.

*Filgotinib is approved in the European Union, Great Britain, and Japan.
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Figure 3. Potential association of histological remission with clinical outcome.
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correlation can be subject to discrepancies and vary in inter- parameter associated with endoscopic and histo-endoscopic
pretation [30,50,54]. The APOLLO trial reported that histo- mucosal improvement [86]. An ongoing randomized, con-
endoscopic inactive disease is associated with reduced but trolled trial (VERDICT) aims to assess the suitability and
not completely absent disability from IBD [85]. A post hoc strength of clinical-, endoscopic-, histologic-, and biomarker-
analysis of VARSITY trial data found that improvement in the defined treatment targets in patients with active UC and may
presence of epithelial neutrophils was the only histologic provide more insight into whether histologic remission is an
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ideal treatment target [87]. Further evidence from rando-
mized, controlled trials is still needed to validate that histolo-
gic remission is associated with improved long-term outcomes
compared to endoscopic remission only.

3.5. Relationship of histology to fecal calprotectin in
ulcerative colitis

While advances in histologic and endoscopic assessments are
providing new insights into UC, additional biomarkers are
important complementary diagnostic tools. Compared with his-
tology and endoscopy procedures, fluid biomarkers provide the
opportunity for less invasive disease evaluations at a greater
frequency, essential to the tracking of UC progression [88].

Calprotectin is a highly abundant protein in neutrophils,
and thus highly indicative of macroscopic inflammation
[89]. Fecal calprotectin can distinguish between inflamma-
tory and non-inflammatory intestinal diseases and shows
a strong correlation with IBD activity [90]. In a systematic
review, D’Amico et al examined 12 studies that all found
a high correlation between fecal calprotectin and histologic
disease activity and could discriminate histologic remission
[91]. However, high variability in collection and laboratory
procedure contributes to high variability in cutoff levels and
thus a low reliability as an accepted diagnostic biomarker
capable of distinguishing histologic remission from histolo-
gically active disease [91,92]. Interpretation of patient levels
is further limited by potential genetic and ethnic variabil-
ities in fecal calprotectin which have yet to be fully char-
acterized [90]. Intramucosal calprotectin can serve as an
independent marker of disease activity. This biomarker can
be evaluated by performing immunohistochemistry on colo-
nic biopsies, allowing for retrospective analyses in studies
where fecal calprotectin was not initially assessed [93]. This
method could provide further insight into correlations
between histologic endpoints and calprotectin levels with-
out the need for new sample collection.

4. Future directions

4.1. Addressing current limitations of histologic
assessments

As new UC treatments target deeper healing, the limitations of
histologic remission as a clinical trial endpoint and treatment
target must be addressed.

Accurate histologic assessments also rely on the availability
and opinion of specialist pathologists. Discrepancies between
histologic assessments performed during routine clinical prac-
tice can be mitigated by training on different indices (particu-
larly NHI due to its simplicity) and the utilization of central
reading facilities or consulting a second specialist gastrointest-
inal pathologist [94]. GS, RHI, and NHI are all suitable indices
for measuring histologic disease activity and have been com-
prehensively validated [14,27,36,41,42,50]. The CORE-IBD panel
achieved a consensus on the use of RHI or GS for scoring
histopathology, with histologic remission defined as RHI less
than 3 without neutrophils or GS less than 3.0 without

neutrophilic inflammation in the epithelium [63]. However,
independent of the histologic index used, architectural
changes, lamina propria chronic inflammation, basal plasma-
cytosis, lamina propria neutrophils, epithelial neutrophils, and
epithelial damage as well as evaluating the presence or
absence of erosions and ulcers (and distinguishing between
erosions and ulcers) should be evaluated [42]. Emphasis
should be placed on the presence or absence of epithelial
and lamina propria neutrophils.

A lack of evidence from randomized clinical trials support-
ing the association of histologic remission with clinical out-
comes further limits the use of histologic assessments in
evaluating treatment efficacy [42]. To generate further evi-
dence supporting histologic remission as a treatment target,
the use of validated histologic indices in clinical trials (and
clinical practice) should be implemented in a consistent,
reproducible way [41]. Despite mentions of histologic end-
points in new FDA and EMA guidance, recommendations on
the use of histologic remission as a clinical trial endpoint could
be elaborated upon further [20,42,64,65]. In order to assess
histologic remission as a UC clinical trial endpoint, inclusion
criteria should include a minimum histologic disease activity
score at baseline [42]. In recent trials, histologic endpoints
have been included in protocols, which supports the growing
recognition of histologic healing as an important outcome.
The ongoing VERDICT trial is assessing a composite endpoint
of corticosteroid-free histological remission, endoscopic remis-
sion, and symptomatic remission [87]. Despite its current lim-
itations, histologic remission is a feasible and appropriate
endpoint in UC clinical trials [18,23,42].

4.2. Advanced imaging and artificial intelligence

The combination of advanced imaging technologies, such as
endocytoscopy, virtual electronic chromoendoscopy (VEC), and
CLE, and tools utilizing artificial intelligence (Al) can aid in the
detection and monitoring of histologic disease activity without
repeated biopsies. Conventional endoscopy may not determine
histologic disease activity accurately, but it is possible to detect
inflammation at this level with endocytoscopy, which can
image cellular features with up to 1390-fold magnification
[95,96]. A 2019 study assessed the development of a computer-
aided diagnosis tool that was able to predict persistent histo-
logic disease activity in patients with UC (74% sensitivity, 97%
specificity, 91% accuracy with perfect reproducibility) [95].
Multiple tools using Al to assess endoscopic images are in
development for clinical use. Examples include Red Density
(RD), EndoBRAIN, Satisfai, and Paddington International virtual
ChromoendoScopy ScOre (PICaSSO) [97,98]. PICaSSO was the
first validated endoscopic score using the new generation of
virtual chromoendoscopy endoscopes in UC [97].

While MES and the Ulcerative Colitis Endoscopic Index of
Severity (UCEIS) are common endoscopic indices, they were
developed for earlier, lower-resolution endoscopic images.
VEC can visually detail specific mucosal and vascular features.
The RD score uses an algorithm that analyzes images from
VEC to assess UC disease activity; RD correlated with RHI
(r = 0.74, p<0.0001) MES (r=0.76, p<0.0001), and UCEIS



(r = 0.74, p<0.0001) [99]. PICaSSO is an endoscopic index
that uses VEC [100]. A 2022 international, multicenter study
of patients with UC (N =307) evaluated PICaSSO’s correlation
with other endoscopic indices against histologic indices and
clinical outcomes. PICaSSO had almost perfect interobserver
agreement and better correlation with histologic scores com-
pared to MES and UCEIS and was more predictive of histolo-
gic remission. A PICaSSO score of 3 or less points to
endoscopic remission and is reliably associated with histolo-
gic remission [100].

The PICaSSO Histologic Remission Index (PHRI) is
a histologic index developed to apply PICaSSO scores to
a computer-aided diagnosis of histologic disease activity.
PHRI is a binary score based on the presence or absence
of mucosal neutrophils, and an algorithm based on PHRI
could predict histologic remission (differentiation of active
vs quiescent UC: 78% sensitivity, 91.7% specificity, 86%
accuracy) [101]. Results from a 2023 study evaluating an
artificial intelligence computer-aided diagnostic tool
designed for use with the PHRI demonstrated acceptable
sensitivity and specificity in detecting histologic activity
versus remission (PHRI: 89% and 85%; RHI 94% and 76%;
NHI 89% and 79%) [102].

CLE is another tool capable of imaging mucosal structures at
the cellular and subcellular levels in real time at 1000-fold mag-
nification, allowing evaluations of barrier function [52,96,103].
A small 2016 study of Danish patients with relapsing UC (N=
22) and healthy subjects (N=7) evaluated their mucosa via
colonoscopy, histopathology, and CLE and found that the detec-
tion of mucosal changes via CLE was reproducible [103]. A 2021
observational, multicenter study of French patients with UC in
remission (N=100) developed a noninvasive histologic assess-
ment using CLE. This confocal laser ENdomicroscopy for histolo-
gical HeAliNg in ulCErative colitis (ENHANCE) index used NHI as
a benchmark and had 79.6% accuracy, 57.8% sensitivity, and
82.8% specificity [104]. An additional study focusing on the
aspirational target of intestinal barrier healing in UC as assessed
by CLE is further detailed in Sections 3.4 and 4.3.

4.3. Future aspirational treatment targets

The emergence of novel technologies and immunotherapies
to assess and treat UC, respectively, has established molecular
healing and disease clearance as aspirational targets beyond
histologic healing, which have the potential to further prevent
long-term adverse outcomes [21,22]. Molecular targets
selected for their ability to repair immune dysregulation can
restore mucosal barrier function; molecular studies may then
serve as an adjunct to biopsy- and imaging-based assessments
of microscopic disease activity to not only evaluate efficacy
but also elucidate treatments’ mechanisms of action at
a molecular level [21,105,106]. Molecular targets for UC thera-
pies include epithelial cells and their regulators, receptors and
transporters, atypical lymphocytes, antigen-presenting cells,
cytokines, interferons, tumor necrosis factors, and signaling
pathways [105,106].

The Erlangen Remission in IBD (ERIca) trial, a prospective
study of German patients with IBD in clinical remission
(Crohn’s disease: N=100; UC: N=81), evaluated barrier
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dysfunction through 2 years using CLE [52]. While 53.1% of
the patients with UC in clinical remission were also in endo-
scopic remission at study inclusion, and 44.4% were in both
endoscopic and histologic remission, only 25.9% of patients
had intact barrier function (no fluorescein leakage into crypt
lumen) as determined by CLE. The accuracy of barrier healing
in predicting survival free of major adverse outcomes was 85%
[52]. Functional assessments of the intestinal barrier as mea-
sured by CLE may further support the predictive value of
combined endoscopic-histologic measures and serve as an
additional endpoint in future UC trials alongside histologic
remission.

5. Expert opinion

Utilization of histologic evaluation by clinicians is currently
aspirational and has not yet been applied to therapeutic
decision-making. Results from the ongoing VERDICT trial will
be necessary to determine the risk-benefit of treatment esca-
lation in patients with symptomatic, biomarker, and/or endo-
scopic remission in order to achieve histologic remission. In
the interim, ongoing treatments should not stop and could be
further optimized in patients with persistent histologic activity
even in the presence of endoscopic mucosal healing.
Assessments of histologic remission may improve the accuracy
and precision of treatment decisions and serve as predictors of
improved clinical outcomes, including decreased rates of hos-
pitalization, clinical relapse, colectomy, and neoplasia.
Compared to histologic remission or quiescent histologic dis-
ease activity, histologic normalization (i.e. healing beyond
histologic remission) is associated with incremental benefits
in clinical outcomes.

Combining treatment targets in UC could be a strategy to
improve long-term patient outcomes, and histologic remission
could be used as adjunct to endoscopic remission, representing
a deeper level of healing. Significant barriers to the adoption of
histologic targets remain. Firstly, histologic assessments are often
used in clinical trials with biopsies read by expert pathologists,
but histologic assessments in clinical practice may have different
levels of accuracy and/or reliability. Secondly, multiple, inconsis-
tent definitions of histologic remission limit its use as a treatment
target in both clinical trials and clinical practice. In addition, the
number of histologic indices available further complicates con-
sistent definitions of histologic remission and other histologic-
based targets. Thirdly, standardized endoscopic and biopsy pro-
cedures are needed, requiring collaboration between gastroen-
terologists and pathologists. Lastly, histologic assessments in
clinical practice can increase patient burden as they require an
invasive procedure.

The treat-to-target strategy in UC has rapidly evolved from
aiming for symptom control to endoscopic remission and now
exploring the feasibility of histologic remission. Rather than
using histologic remission as a primary target in clinical practice,
it should be incorporated into a broader treat-to-target strategy.
The use of combined endpoints has created new target defini-
tions such as disease clearance, the simultaneous achievement of
clinical, endoscopic, and histologic remission. While updated
FDA and EMA guidance has touched on the use of histologic-
based targets in clinical trials, requlatory guidance on the use of
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histologic remission as an endpoint could be further elaborated
upon. Correlations between clinical, endoscopic, and histologic
targets are unaligned, and the results of studies comparing them
may not be easily interpreted.

The existence of consensus statements such as the 2020
European Crohn’s and Colitis Congress (ECCO) has helped to
harmonize definitions of histologic remission and mucosal heal-
ing. In addition, ECCO has provided recommendations on which
of the many histologic indices to use for randomized controlled
trials, RHI and NHI, and for observational studies or clinical prac-
tice, NHI. The need for specialist pathologists for histologic
assessments can be addressed by trainings on the use of simpler
indices, such as NHI, as well as sending biopsies to central read-
ing facilities. The recent establishment of the FNIH Biomarkers
Consortium with the express goal of influencing future regula-
tory guidance is a step forward for harmonizing histologic end-
points. As most data supporting the association of histologic
remission with improved outcomes are from observational stu-
dies, consistent and reproducible use of histologic assessments
in clinical trials should be continued to generate more substan-
tive evidence on the association of histologic remission with
improved long-term clinical outcomes.

The rise of immunotherapies has influenced the increasing
use of histologic assessments for their sensitivity in detecting
changes in mucosal inflammation and established molecular
healing and disease clearance as aspirational UC targets.
Successful future research and targeted therapies selected
for repairing immune dysregulation may then lead to the
inclusion of combined histo-endoscopic endpoints, mucosal
healing, and disease clearance as treatment targets alongside
histologic remission. The next decade may bring about the
feasibility of the restoration of mucosal barrier function and
the use of artificial intelligence in creating indices to measure
it based on endocytoscopy, VEC, and/or digital pathology.
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