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The evolving understanding of histology as an endpoint in
ulcerative colitis
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A therapeutic goal for patients with ulcerative colitis (UC) is deep remission including clinical remission and mucosal healing.
Mucosal healing was previously defined by endoscopic appearance, but recent studies demonstrate that histological improve-
ments can minimize the risks of experiencing clinical relapse after achieving endoscopic remission, and there is growing inter-
est in the value and feasibility of histological targets of treatment in inflammatory bowel disease, and specifically UC. In this
review article, we identify remaining challenges and discuss an evolving role of histology in the management of UC. (Intest Res

2024;22:389-396)
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INTRODUCTION

Deep remission is the current therapeutic goal for patients
with ulcerative colitis (UC). The most common components
of deep remission are clinical remission and mucosal healing.
Previously, the majority of clinical trials for patients with UC
defined mucosal healing as a Mayo endoscopic subscore' of
0 or 1. This level of mucosal healing was associated with long-
term clinical remission, avoidance of colectomy, and cortico-
steroid-free clinical remission in patients with UC.”

The definition of mucosal healing has evolved to include not
only endoscopic improvement, but also to include assess-
ments of histological healing. Even in patients with UC achiev-
ing endoscopic remission, histologically active inflammation
can be observed™ and histological remission appears to be
associated with improved clinical outcomes.” Although the
classification of histological inflammation varies among stud-

Received September 13, 2023. Revised January 9, 2024.

Accepted January 24, 2024.

Correspondence to David T. Rubin, Inflammatory Bowel Disease Center,
The University of Chicago Medicine, 5841 S. Maryland Avenue, MC 4076,
Chicago, IL 60637, USA. Tel: +1-773-702-2950, E-mail: drubin@bsd.
uchicago.edu

© 2024 Korean Association for the Study of Intestinal Diseases.

ies, the Geboes score (GS),’ the Robarts histopathology index
(RHI),” and the Nancy index (NI)* are considered appropriate
for assessing histological activity in patients with UC.” Howev-
er, these scoring systems do not include a category of “normal”
histology, despite recent evidence demonstrating the possibil-
ity and clinical value of histological normalization in all of co-
lonic segments in reducing the risks of clinical recurrence'
and associated with a lower risk of colorectal neoplasia in pa-
tients with UC."

In this review, we discuss the therapeutic targets, the role of
histological normalization on clinical outcomes, and histologi-
cal inflammation classifications for patients with UC.

THERAPEUTIC TARGETS FOR PATIENTS WITH
UcC

Current management strategies for patients with UC advocate
deep remission, including clinical remission and normaliza-
tion of objective measures of disease control as the therapeu-
tic goal. The Selecting Therapeutic Targets in Inflammatory
Bowel Disease (STRIDE-I) consensus statement previously
proposed that the agreed targets for UC were composite end-
points including endoscopic remission and clinical/patient-
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reported outcome remission.'” The recommendations are
based on the evidence supporting that the degree of “mucosal
healing” is associated with clinical outcomes including colec-
tomy." In the clinical trials of biologics or small-molecule
agents for patients with UC, mucosal healing was often de-
fined as Mayo endoscopic subscore' 0 or 1.""* A meta-analy-
sis demonstrated that mucosal healing was associated with
long-term clinical remission, avoidance of colectomy, and cor-
ticosteroid-free clinical remission.”

Numerous studies have contributed to our current under-
standing of histological remission’s impact on clinical outcomes
in patients with UC. In the 1990s, several studies found that his-
tologically active inflammation could be observed even if pa-
tients achieved endoscopic remission and it was predictive of
clinical relapse.”" In the 2000s, many studies underscored the
correlation between residual histological activity and adverse
clinical outcomes in patients with UC, although histological
measurements varied among studies.”” A meta-analysis in-
cluding 10 studies of 757 patients in endoscopic remission
(Mayo endoscopic subscore 0) showed a 63% lower risk of
clinical relapse in patients with histological remission com-
pared with those with persistent histological activity. This study
also found only a 5% estimated annual risk of clinical relapse in
patients who achieved both of histological remission and
Mayo endoscopic subscore 0.” Another meta-analysis includ-
ing 2,677 patients with UC demonstrated that histologically ac-
tive disease was associated with an overall increased risk of re-
lapse (odds ratio, 2.4; 95% confidence interval [CI], 1.9-3.0),
with a similar trend noted in either patients with Mayo endo-
scopic subscore 0 or those with subscore 0 or 1.*” A recent me-
ta-analysis compared short- and long-term clinical outcomes
between patients with inflammatory bowel disease (IBD) who
achieved histological remission and those with active histologi-
cal disease. This study revealed that the risk of clinical relapse
was significantly higher in patients with active histological dis-
ease in both short-term and long-term outcome analyses. In
addition, the long-term outcome analysis showed that the risk
of needing surgery and hospitalization was significantly higher
in patients with active histological disease.”' These meta-analy-
ses suggest that using histological inflammation as a therapeu-
tic target may improve clinical outcomes even if patients with
UC achieved endoscopic remission.

Furthermore, several studies showed that histological in-
flammation increased the risk of colorectal neoplasia.***' A
group at St. Mark’s Hospital reported a novel cumulative in-
flammatory burden defined as the summation of each proce-
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dure’s microscopic inflammation severity score multiplied by
the length of the surveillance interval” They demonstrated
that both endoscopic and histological cumulative inflamma-
tory burdens were significantly associated with the risk of
colorectal neoplasia.® This result was validated with an inde-
pendent, matched case-controlled cohort from our IBD cen-
ter.”® Our recent study also revealed that histological normal-
ization was associated with a decreased risk of subsequent
dysplasia development in patients with UC."

Recently, the updated STRIDE statement (STRIDE-II) pro-
posed that histological healing in UC is not yet a formal target
but should be assessed to understand the depth of remis-
sion.”’

CLASSIFICATIONS OF HISTOLOGICAL INFLAM-
MATION IN PATIENTS WITH UC

The rate of histological remission for current medical treat-

* To as-

ments ranged from 15% to 45% in patients with UC.
sess histological activity for UC, there are multiple scoring/
grading systems, including the most commonly employed: the
GS,” RHI," and NI’ (Fig. 1). The GS is the most commonly used
histological score for patients with UC and had a structured
6-grade classification: (0) structural changes; (1) chronic in-
flammation; (2) lamina propria neutrophils; (3) neutrophils in
the epithelium; (4) crypt destruction; and (5) erosions and ul-
cers.” Each of these grades has 4 to 5 sub-grades.’ Currently,
the GS has been used as a continuous scale and yield a final
score between 0 and 22 (Fig. 1).*"

An RHI score is calculated by combining the subscore of the
following 4 main items: (1) chronic inflammatory infiltrate; (2)
neutrophils in the lamina propria; (3) neutrophils in the epi-
thelium; and (4) erosion or ulceration.” As for the NI, ulcer-
ation, acute, and chronic inflammatory infiltrates are taken
into account to calculate the score.” The Portuguese IBD Study
Group showed that GS and RHI were strongly correlated (cor-

% and the correlation between GS and

relation coefficient 0.81)
NI was also shown to be strongly correlated (correlation coef-
ficient 0.88).”' They also demonstrated that the GS, RHI, and NI
are well correlated with histological remission and activity and
can be predictive of the Mayo endoscopic subscore.”” This
study found that higher fecal calprotectin levels were signifi-
cantly associated with the presence of neutrophils in the epi-
thelium.” Another prospective study showed that among the
3 histological indices, the RHI had the best correlation with the

. 33 . .
Mayo endoscopic subscore.”™ An international consensus to
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Geboes score

Grade O - Structural architectural changes
0.0 (0) - No abnormality
0.1 (1) - Mild abnormality
0.2 (2) - Mild or moderate diffuse or multifocal abnormalities
0.3 (3) - Severe diffuse or multifocal abnormalities
Grade 1 - Chronic inflammatory infiltrate
1.0 (3) - No increase
1.1 (4) - Mild but unequivocal increase
1.2 (5) - Moderate increase
1.3 (6) - Marked increase
Grade 2A - Eosinophils in lamina propria
2A.0 (6) - No increase

0=No increase

2=Moderate increase
3=Marked increase

Robarts histopathology index

1 x Chronic inflammatory infiltrate

1=Mild but unequivocal increase
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Grade 0
Mild architecture abnormalities
Very mild increase in chronic inflammation
No histological disease

Grade 1

2A.1(7) - Mild but unequivocal increase
2A.2 (8) - Moderate increase
2A.3 (9) - Marked increase

2 x Neutrophils in lamina propria
0=None

Grade 2B - Neutrophils in lamina propria
2B.0 (9) - No increase

2=Moderate increase
3=Marked increase

1=Mild but unequivocal increase

Architectural abnormalities
Moderate chronic inflammatory infiltrate
No acute inflammation

Grade 2
Few architectural abnormalities

2B.1 (10) - Mild but unequivocal increase
2B.2 (11) - Moderate increase
2B.3 (12) - Marked increase

Grade 3 - Neutrophils in epithelium
3.0 (12) - None

3 x Neutrophils in epithelium
0=None
1= <5% crypts involved
2= <50% crypts involved
3=>50% crypts involved

Marked chronic inflammatory infiltrate with few neutrophils
Mildly active disease

Grade 3
Architectural abnormalities

3.1 (13) - <5% crypts involved
3.2 (14) - <50% crypts involved
3.3 (15) - >50% crypts involved

5 x Erosion or ulceration

Grade 4 - Crypt destruction
40 (15) - None

2=Unequivocal erosion
4.1 (16) - Probable (local excess of neutrophils in part of crypt)

3=Ulcer or granulation tissue

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

Moderate chronic inflammatory infiltrate with many neutrophils
Moderately active disease

Grade 4
Ulceration
Loss of colonic crypt, replaced with granulation tissue
Severely active disease

4.2 (17) - Probable (marked attenuation)
4.3 (18) - Unequivocal crypt destruction

Grade 5 - Erosion or ulceration
5.0 (18) - No erosion, ulceration, or granulation tissue
5.1 (19) - Recovering epithelium +adjacent inflammation
5.2 (20) - Probable erosion (focally stripped)
5.3 (21) - Unequivocal erosion
5.4 (22) - Ulcer or granulation tissue

Fig. 1. The classification of histologic inflammation for patients with ulcerative colitis. Tables showed Geboes score, Robarts histopathol-
ogy index, and the Nancy index. In the table of Geboes score, numbers in parentheses show continuous score of Geboes score.

Table 1. University of Chicago Scale

Score Description

0 Normal (completely uninvolved, no architectural distortion,
no infiltrates)

1 Quiescent (architectural distortion, increased lamina propria
lymphs, but no activity)

2 Increased lamina propria granulocytes without definite
intraepithelial granulocytes

3 Intraepithelial granulocytes (e.g., cryptitis) without crypt
abscesses

4 Crypt abscesses in less than 50% of crypts

5 Crypt abscesses in greater than 50% of crypts, or erosion/
ulceration

standardize integration of histopathology in UC clinical trials
stated that the GS, RHI, and NI are each considered appropri-
ate for assessing histological activity.”

The common perception that structural histological chang-
es are permanent upon IBD diagnosis has led to the exclusion
of “normal” histology as a distinct category in these scoring
systems. Our group previously established the University of

www.irjournal.org

Chicago scale to categorize the histological activity in patients
with UC. In our classification, patients are categorized as (1)
histologic normalization (score 0): completely normal muco-
sa with no features of chronicity present; (2) histologic quies-
cence (score 1): features of chronicity including crypt atrophy
or branching but no active inflammation such as erosions,
crypt abscesses, or focal neutrophils infiltration; and (3) histo-
logic activity (score 2-5): presence of any epithelial infiltration
by neutrophils, crypt abscesses, erosions or ulcerations (Table
1).""* Our studies found that 10% of patients achieved histo-
logic normalization in all colonic segments (complete histo-
logic normalization) and it was independently associated with
increased odds of relapse-free survival compared with histo-
logic quiescence (hazard ratio, 4.3; 95% CI, 1.5-12.5) and his-
tologic activity (hazard ratio, 6.7; 95% CI, 2.2-20.6)."

COMPLETE HISTOLOGICAL NORMALIZATION
VERSUS SEGMENTAL HISTOLOGICAL NORMAL-
IZATION

The UNIFI study," a randomized controlled trial (RCT) of

391



Shintaro Akiyama, et al. * Review of histology in UC

ustekinumab for patients with UC, included a combined his-
tological and endoscopic improvement endpoint (histo-endo-
scopic mucosal healing) and demonstrated that histo-endo-
scopic mucosal healing is associated with lower disease activi-
ty compared with endpoints limited to histologic or endo-
scopic improvement alone.” In this study, the rectum and sig-
moid colon were selected to assess histological activity using
the GS because they are typically the most severely inflamed
parts in patients with UC.** A post hoc analysis of 3 clinical tri-
als (PURSUIT-UC,” JAK-UC,” PROgECT"") also showed that
histological improvement based on the GS was associated
with favorable endoscopic and clinical outcomes in patients
with UC. In this analysis, sample regions were to be 15-20 cm
proximal to the anal verge and identical biopsy collections
were used to evaluate histological improvement.” The U-
ACHIEVE and U-ACCOMPLISH studies, RCTs to assess effi-
cacy and safety of upadacitinib for patients with UC, defined
mucosal healing as a combination of Mayo endoscopic sub-
score 0 and a GS <2.” In the studies, at least one set of biopsy
are to be collected from the approximately 15 to 30 cm from
the anal verge in the rectosigmoid colon with sigmoidoscopy
or full colonoscopy, for each set of 2 samples, one should be
taken from the most inflamed area, and the other from an area
that is representative of the general severity of mucosal in-
flammation in the segment. Meanwhile, the True North study,
an RCT of ozanimod for UC, used similar definition of muco-
sal healing (Mayo endoscopic subscore <1 and a GS <2) and
one biopsy pair was taken at the most inflamed area of the left
colon with sigmoidoscopy or full colonoscopy.” Therefore, bi-
opsy procedure varies among RCTs. A systematic review and
meta-analysis including 13 randomized placebo-controlled
trials demonstrated that histological outcomes may be infor-
mative for the assessment of disease activity in clinical trials
for UC." However, this study suggested that the lack of infor-
mation regarding biopsy procedures is a limitation and there
is aneed to define standard biopsy procedures."

Recent studies suggest the importance of achieving histo-
logical remission in all colonic segments in patients with UC.
Our group showed that segmental histological normalization
occurs in 32% of patients with UC. Unlike complete histologi-
cal normalization, segmental normalization was not associat-
ed with improved clinical outcomes.” Another study also
demonstrated that the combination of pan-colonic endoscop-
ic and histological evaluations may be beneficial to improve
clinical outcomes in patients with UC."

Together, these findings suggest that to improve clinical out-
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comes in patients with UC, the rectum and sigmoid colon as
well as the remaining segments of the colon should be taken
into account while assessing histological activity.

OUTCOMES OF THERAPEUTIC DE-ESCALATION
AFTER ACHIEVING REMISSION

Whether patients can withdraw medications after achieving
remission remains an important question, and one that is in-
completely explored involving histological measures. An ex-
pert consensus conducted by the European Crohn’s and Coli-
tis Organisation (ECCO) stated the following considerations
regarding withdrawal of each drug class in patients with IBD."
First, the withdrawal of anti-tumor necrosis factor (TNF) in-
hibitors is associated with a risk of relapse of 30% to 40% at 1
year and greater than 50% beyond 2 years, and patients who
have needed anti-TNF dose escalation seem to be at higher
risk. With such potential for risk of disease relapse in mind, an-
ti-TNF withdrawal should probably be considered only in pa-
tients in “longstanding and stable deep remission” from a clin-
ical, biological, and endoscopic 'standpoint.44 Second, with re-
gard to the de-escalation of immunomodulators, a cumulative
risk of relapse after withdrawal of immunomodulators is esti-
mated as about 30% of patients relapsing by 2 years and 50%
to 75% relapsing by 5 years." The consensus also stated that it
is reasonable to reconsider the risks and benefits of continued
monotherapy of immunomodulators for patients treated for 3
to 4 years if there is “no evidence of continuing disease activi-
ty” It also suggested that the risk of relapse following withdraw-
al of immunomodulators is probably not greater than with
continued combination therapy." Given that long-term use of
immunomodulators are considerably associated with risks of
neoplasms such as lymphoproliferative disorders,"” non-mela-
noma skin cancers,” and myeloid disorders,"” and combina-
tion with anti-TNF therapies may further potentiate risk of
neoplasm and infection," periodic re-assessment of the risk
and benefit of immunomodulator use would be important."
Third, on the other hand, the consensus by ECCO"' recom-
mended that aminosalicylates should not be discontinued
even in patients with UC who achieve deep remission because
long-term treatment of aminosalicylates is generally safe and
reduces the risks of relapse™ and colorectal cancer."

A systematic review and meta-analysis including 20 studies
of IBD patients achieving clinical remission showed that clini-
cal relapse rate was 0% to 54% when patients de-escalated
the dose of biological therapies. This study also reported that
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1-year rate of clinical relapse ranged from 7% to 50%,” sug-
gesting the high recurrence rates after de-escalation of biolog-
ics following clinical remission. Another meta-analysis in-
cluding 5 studies of patients with UC with deep remission (at
least combination of clinical remission and mucosal healing/
endoscopic remission) reported that the rates of relapse
within 1 year and 2 years of therapeutic de-escalation was
25.4% (95% CI, 19.9%-32.0%) and 37.4% (95% CI, 24.6%-
52.4%), respectively. They also found that the risk of relapse
was more pronounced in patients who required TNF inhibi-
tors.”' A recent multicenter open-label RCT of patients with
UC who were in corticosteroid-free and endoscopic remis-
sion assessed the remission rate at week 48 between the inf-
liximab-continued group and the infliximab-discontinued
group. This study revealed that the remission rates in inflix-
imab-continued group and discontinued group were 80%
and 54%, respectively.”” While studies assessing outcomes af-
ter discontinuation of non-TNF-targeted biologics remain
scarce, a retrospective multicenter observational study evalu-
ated maintenance of remission in patients with IBD after dis-
continuation of vedolizumab. This study included patients
with IBD (37 with UC) who were in steroid-free clinical remis-
sion for at least 3 months and were treated with vedolizumab
for at least 6 months and found that 64% of patients experi-
enced disease relapse after a median follow-up period of 11.2
months.” As for Janus kinase (JAK) inhibitors, the pivotal
RCTs conducted post hoc analyses of patients with UC who
received drugs in induction and were randomized to treat-
ment withdrawal (placebo) during maintenance, and demon-
strated the efficacy and safety of re-treatment with JAK inhibi-

54,55

tors in patients who experienced disease worsening.”” How-
ever, it remains unclear how the depth of remission affects
clinical outcomes after therapeutic withdrawal of JAK inhibi-
torsin UC.

Previous studies suggest that deep remission may not en-
dorse the success of therapeutic de-escalation in patients with
UC. However, these studies do not necessarily include histo-
logical remission in their definition of deep remission. Several
studies demonstrate that histological remission is a therapeu-
tic target distinct from clinical remission™ and endoscopic mu-
cosal healing’ in patients with UC. Hence, there is an unmet
need to understand the clinical outcomes in UC patients who
de-escalate therapies after achieving histological remission.

Furthermore, determining which classification of histologi-
cal inflammation should be used is an important issue when
considering therapeutic de-escalation or withdrawal. Al-
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though the GS, RHI, and NI would be appropriate in the clini-
cal trials of patients with UC,” these scoring systems do not
have “normal” histology as a distinct category. Even in patients
without active histological inflammation, features of chronici-
ty such as crypt atrophy or branching can remain. Normaliza-
tion of such histological structural abnormalities may improve
clinical outcomes after therapeutic de-escalation or reduce
the risk of colorectal neoplasia. Given that some studies sug-
gest a positive association between pan-colonic histological
normalization and favorable clinical outcomes in patients
with UC,"" achieving normal histology in all colonic seg-
ments may be ideal.

REMAINING CHALLENGES TO THE INCORPORA-
TION OF HISTOLOGICAL TARGETS IN UC

There are a number of significant challenges to incorporate
histological activity as a treatment target in UC. First, there is a
need for further studies demonstrating histological changes
associated with medical therapies. Such studies must include
information about the timing of histological improvement in
relation to symptom improvement and in relation to endo-
scopic findings. Second, there is a need to standardize biopsy
techniques, including number of biopsies, choice of location
by segment and in relation to visible inflammation by endo-
scopic assessment. We have previously determined that a
minimum number of biopsies can be obtained and are pre-
dictive of the histological activity of the rest of the colon and
rectum.” Third, there is a need to standardize reporting and
incorporation into clinical practice by pathologists. To date,
the available scoring systems have not been incorporated into
routine clinical reporting and inter-observer correlations
amongst community pathologists have not been described.
More recent efforts to incorporate artificial intelligence ap-
proaches using digital images suggest future approaches that
might address this challenge (Table 2).”

Table 2. Remaining Challenges to Incorporate Histology as a Treat-
ment Target in Ulcerative Colitis

Evaluation of longitudinal change of histological activity
Methodology of biopsy (number of biopsies, location, timing to assess)
Sampling bias

Complexity of histological indices

Inter-obserber reliability of histological assessment
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CONCLUSIONS

While achieving normal histology in all segments of the colon
in UC is ideal but not yet a formal goal, previous studies have
shown that histological remission is associated with a decreased
risk of clinical recurrence as well as the development of dyspla-
sia. Overall, medical evidence regarding histology in patients
with UC has evolved and so should our efforts to understand
how histology can be used to develop better treatment plans
for patients with UC.
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