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Abstract: Mucosal healing (MH) is the main target in ulcerative colitis (UC) treatment. Even if MH
lowers the risk of disease reactivation, some patients still relapse. Histologic activity (HA) beyond
MH could explain these cases. This study aims to assess how many patients with MH have HA and
which lesions are associated with relapse. We retrospectively enrolled UC patients showing MH,
expressed as a Mayo Endoscopic Subscore (MES) of 0 and 1 upon colonoscopy. We reviewed the
histological reports of biopsies evaluating the presence of typical lesions of UC and assessed the
number of clinical relapses after 12 months. Among 100 enrolled patients, 2 showed no histological
lesions. According to univariate analysis, patients with a higher number of histological lesions at the
baseline had a higher risk of relapse (OR 1.25, p = 0.012), as well as patients with basal plasmacytosis
(OR 4.33, p = 0.005), lamina propria eosinophils (OR 2.99, p = 0.047), and surface irregularity (OR 4.70,
p = 0.010). However, in the multivariate analysis, only basal plasmacytosis (OR 2.98, p = 0.050) and
surface irregularity (OR 4.50, p = 0.024) were confirmed as risk factors for disease reactivation. HA
persists in a significant percentage of patients with MH. Despite the presence of MH, patients with
basal plasmacytosis and surface irregularity have a higher risk of relapse.

Keywords: mucosal healing; histological healing; ulcerative colitis; relapse; prognosis

1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory disease involving the colonic mucosa,
characterized by alternating periods of relapse and remission [1].

In the past, the main therapeutic goal was the management of symptoms such as stool
frequency and rectal bleeding [2]. However, due to the typical superficial inflammation,
mucosal healing (MH) has become a major therapeutic target in the era of biological
therapy [3,4].
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Endoscopic evaluation allows the assessment of multiple signs of mucosal inflam-
mation and several endoscopic scores have been developed to standardize endoscopic
language. The Mayo endoscopic subscore (MES) is one of the most common scores and
categorizes mucosal inflammation from grade 0 to 3 based on the vascular pattern, ery-
thema, friability, erosions, and ulcers of the colonic mucosa [5]. Grades 0 and 1 are generally
accepted as the definition of MH, even if some authors have suggested a stricter definition
of MH limited at grade 0 [6].

However, the definition of MH is still controversial. Literally, MH indicates the
complete restitution of colonic mucosa to its normal condition but in clinical trials and
clinical practice, we often accept broader definitions of MH, including all patients without
erosions and ulcers, but showing minimal endoscopic signs of inflammation, such as the
persistence of edema, reduced vascular pattern, and mucosal erythema [7]. Nevertheless,
recent data demonstrated that the stricter the definition of MH, the better the mid-term
clinical outcome [6,8]. As a matter of fact, Boal Carvalho P. et al., in a retrospective
study, reported that patients with a MES of 0 could still relapse after one year of follow-
up, even if in a smaller percentage than patients with a MES of 1 (11.5% vs. 27.3%,
respectively, p = 0.022), suggesting that variables other than MH could determine the
likelihood of relapse, such as the persistence of microscopic disease activity, beyond a
normal macroscopic mucosa [6]. Comparable findings were attained in a study conducted
in Spain, wherein the percentage of patients with a MES of 0 experiencing relapse at
6 months was significantly lower than MES 1 patients (9.4 vs. 36.6%, p < 0.001) [8]. Moreover,
data reported that evidence of histological inflammation could persist in 16-100% of
patients with MH [9-11] and could predict reactivation in these patients.

Histological activity in inflammatory bowel disease is defined by a wide spectrum
of typical histological lesions. Historically, the microscopic diagnosis of UC is based on
the presence of ubiquitous crypt architectural distortion and transmucosal inflammatory
infiltrate defined as presenting with basal plasmacytosis, eventually associated with cryp-
titis and crypt abscesses and mucin depletion (even if it is less specific). Among these
typical histological findings, basal plasmacytosis offers the strongest predictive value in
identifying ulcerative colitis [12]. Concurrently, mucin depletion was found to be correlated
with clinical relapse in UC patients with a MES of 0 [13].

However, UC typical histological lesions frequently overlap with other diseases, such
as infective ones [14]. The European Crohn’s and Colitis Organisation [ECCO] convened an
expert panel to define them [15]. Mucin depletion represents a reduction in the number of
goblet cells leading to a consequent reduction in mucin droplets in the crypt of the surface
epithelium; basal plasmacytosis is defined as an increase in plasma cell number at the
mucosa base; crypt distortion is characterized by the loss of parallel crypt architecture and
increased branching or variation in crypt size and shape; acute inflammatory infiltrate is
defined as a rise in neutrophils within the lamina propria, whereas chronic inflammatory
infiltrate is defined as having an increase in lymphocytes in the same area; Paneth cell
metaplasia is the anomalous localization of these cells in segments of the colon distal to the
hepatic flexure; cryptitis indicates the presence of at least one neutrophil within the crypt
epithelium, whereas a crypt abscess is defined as having neutrophils present in the crypt
lumen; basal lymphoid aggregates refer to the nodular collection of lymphocytes in the
mucosa, and finally, the term “surface irregularity” describes the wavy aspect of the colonic
mucosa’s surface due to wide crypt mouths resembling villous projections, also known as
a “villiform surface” [15]. A widely recognized definition for an increase in eosinophils
is still lacking. Eosinophilic cryptitis means the presence of at least one eosinophil in the
crypt epithelium; however, an eosinophilic crypt abscess is characterized by the presence
of these cells within a crypt lumen in the absence of luminal neutrophils [15]. As of the
present, within the context of UC, a standardized definition of histological healing remains
controversial [16]. Nonetheless, data have reported that the minimum requirement for
histological healing seems to be the resolution of the crypt architectural distortion and of
inflammatory infiltrate [12].
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Furthermore, several studies over the years have shown a high correlation between
histological healing, reduction of length of hospitalization, the possibility of relapse, and a
lesser use of corticosteroid [16,17]. However, the question of whether specific histological
lesions can predict reactivation in patients with MH is unclear.

The primary aim of this study was to evaluate the rate of clinical relapse at 12 months
in patients with MH based on the presence of specific histological lesions. The secondary
aims were to evaluate whether the presence of specific histological lesions could influence
the relapse, irrespective of the baseline therapies, and to evaluate whether patients with a
MES of 0 and MES of 1 showed different relapse rates.

2. Materials and Methods
2.1. Study Design and Patients

We retrospectively reviewed endoscopic databases from two centers (one primary care cen-
ter, the State Hospital of the Republic of San Marino, Borgo Maggiore, Republic of San Marino,
and one tertiary care center, the Agostino Gemelli Hospital, Rome, Italy), searching for all
patients who had undergone endoscopic evaluation for a previous diagnosis of UC. We
included patients with completed colonoscopies and multiple biopsies in at least three
colonic districts: rectum, and left and right colon. In the case of a known history of left-side
colitis or proctitis, we also included sigmoidoscopies with biopsies in the rectum and
sigmoid colon. A follow-up period after colonoscopy of at least 12 months was required.
Exclusion criteria were a history of previous colonic resection, diagnosis of unclassified
inflammatory bowel disease or colonic Crohn’s disease, a new diagnosis of UC, colonic
diverticular disease, primary sclerosing cholangitis associated IBD, and concomitant ther-
apy using experimental drugs. We selected endoscopic reports showing mucosal healing,
defined as a MES of 0 or MES of 1 [5]. Disease extension was evaluated based on a previous
complete colonoscopy showing endoscopic activity. In the case of more than one available
previous colonoscopy, the one showing the major disease extension was chosen.

2.2. Clinical Assessment

The primary outcome was the rate of clinical relapse during the 12-month follow-
up. We reviewed patients’ charts to collect patients” medical history, extension of disease
following the Montréal classification [18], concomitant medications, and clinical activity
at the time of their colonoscopy (baseline) and after 12 months (time 1). We defined
clinical remission as having a UC Clinical Activity Index (CAI) score < 4 [19]. The UC CAI
score defines clinical activity based on the number of stools weekly, blood in stools, the
investigator’s global assessment of the symptomatic state, abdominal pain, temperature
due to colitis, extraintestinal manifestations, erythrocyte sedimentation rate (ESR), and
hemoglobin [19]. We defined clinical relapse as one or more of the following criteria
being met at any moment during the 12-month follow-up: UC CAI > 4 and/or need for
significant therapy changes (i.e., need for steroids, immunomodulators, or anti-TNFo)
and/or hospitalization for UC.

2.3. Histologic Evaluation

For each selected exam, we reviewed the database to find the corresponding histologi-
cal report and manually searched for reported histological lesions typically associated with
UC: chronic inflammatory infiltrate, acute inflammatory infiltrate, basal lymphoid aggre-
gates, basal plasmacytosis, lamina propria eosinophils, mucus depletion, crypt distortion,
crypt depletion/atrophy, cryptitis/pericryptitis, crypt abscesses, erosions, Paneth cell meta-
plasia, stromal alterations, crypt branching, and superficial irregularity [12,20]. All biopsies
were fixed in formalin, and sections were stained with hematoxylin and eosin. Pathologists
with expertise in the digestive tract performed all the microscopic examinations. Histologic
lesions were evaluated for each considered colonic district: rectum, and left and right colon.
Then, patients showing a specific lesion in at least one district were considered positive for
that specific lesion.
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2.4. Statistical Analysis

The primary endpoint is considered merely descriptive. Thus, we estimated that
enrolling 100 patients would obtain a percentage of clinical relapse of 20% with a confidence
interval of 95% and a margin of error of 7.84%. The clinical and demographic characteristics
of the enrolled sample were shown through descriptive statistics. Mainly, quantitative
variables were represented through minimum, maximum, range, and mean and standard
deviation. In addition, qualitative variables were described in terms of absolute and
percentage frequency. Regarding the continuous variables, normality was verified via the
Kolmogorov-Smirnov test. The primary endpoint was evaluated based on the percentage
frequency of clinical relapse for any histologic lesion. Both the rate of clinical relapse and
the predictive or protective value of multiple factors concerning the primary outcome
were assessed using the Stata 14 Mac version. We calculated the odds ratio (OR) using the
corresponding 95% confidence interval (CI) and p-value. All variables considered were
first included in a univariate analysis to assess their association with clinical relapse. A
univariate logistic regression model and t-test were used for dichotomous and continuous
variables, respectively. The correlation between clinical relapse and the number of histologic
lesions was evaluated using Pearson’s test. The factors that resulted as being significant
(p < 0.25) for clinical relapse according to the univariate analysis were then analyzed
via multivariate analysis. For the multivariate analysis, model building was based on a
stepwise backward procedure, including only variables with p < 0.05 in the final model.
p-values < 0.05 were considered significant for the analysis.

3. Results

We enrolled 100 patients who fulfilled all the inclusion criteria with no exclusion
criteria met. All patients were in clinical remission at the time of their baseline endoscopy.
The age range was between 18 and 79 years (mean 42.2 years). Patients were heterogeneous
for baseline therapies. Patients’ characteristics at the baseline are shown in Table 1.

Table 1. Patients’ baseline characteristics.

Patients in Patients with
Baseline Patients Characteristics Total (n = 100) Remission Clinical Relapse
(n=73) (n=27)
Gender (%)
M 49% 51% 44%
F 51% 49% 56%
Age (years, mean =+ SD) 422 +14.6 441 +148* 371+£129*
Disease duration (year, mean £ SD) 9.1+9.0 10.5+99* 53+42*
Therapies (%)
5-ASA 56% 53% 63%
Steroids 6% 7% 7%
Anti-TNFo 15% 14% 19%
Thiopurines 13% 15% 7%
Combo (thiopurines + antiTNF«x) 2% 1% 4%
Others 8% 8% 0%
Disease extension following Montréal classification (%)
El 20% 22% 15%
E2 40% 36% 52%
E3 40% 42% 33%
Mayo endoscopic subscore
0 76% 79% 67%
1 24% 21% 33%

* Differences between patients with clinical relapse and remission are statistically significant (p < 0.05).

Most of the patients were undergoing maintenance therapy with mesalazine (56%),
whereas only 8% were being treated with methotrexate or were not receiving any therapy
(defined as “others” in Table 1). At the baseline, only two patients with MH showed the
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complete absence of histologic lesions (“histological healing”). In all other cases, at least
one histologic lesion was present, the most prevalent being chronic inflammatory infiltrates
(89% of cases), acute inflammatory infiltrates (65% of cases), and basal lymphoid aggregates
(64% of cases) (Figure 1a,b).
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Figure 1. Distribution of histologic lesions at baseline for each considered colonic district (a) and
globally (b).

During the 12-month follow-up, 27% of the patients experienced a clinical relapse. The
mean time for relapse was 6.5 months after their baseline endoscopy. Among the patients
who experienced clinical relapse, the prevalence of histologic lesions at the baseline in at
least one colonic district was as follows: chronic inflammatory infiltrate (93%), acute inflam-
matory infiltrate (74%), basal lymphoid aggregates (67%), mucous depletion (41%), basal
plasmacytosis (41%), erosions (37%), crypt distortion (30%), lamina propria eosinophils
(30%), surface irregularity (30%), Paneth cell metaplasia (26%), cryptitis/pericryptitis (15%),
crypt depletion/atrophy (15%), crypt abscesses (11%), stromal alterations (7%), crypt
branching (7%) (Figure 2). Instead, in patients who maintained remission, the prevalence
was as follows: chronic inflammatory infiltrate (88%), basal lymphoid aggregates (63%),
acute inflammatory infiltrate (62%), crypt distortion (26%), mucous depletion (23%), crypti-
tis/pericryptitis (22%), erosions (21%), Paneth cell metaplasia (15%), basal plasmacytosis
(14%), lamina propria eosinophils (12%), surface irregularity (8%), crypt abscesses (7%),
crypt atrophy/depletion (5%), crypt branching (3%) (Figure 2).

According to the univariate analysis, the age at the time of colonoscopy was a protec-
tive factor for clinical relapse; in fact, older patients showed a lower risk of relapse (OR 0.96,
p = 0.028 [95% IC 0.93-0.99]). Similarly, the disease duration at the baseline was protective
for clinical relapse (OR 0.90, p = 0.014 [95% IC 0.83-0.98]). Patients with a MES of 1 tended to
have a higher probability of experiencing clinical relapse compared to patients with a MES
of 0 (OR =1.90, p = 0.188 [95% IC 0.72-5.15]). However, this difference was not statistically
significant. Among the different histologic lesions, the presence of basal plasmacytosis at
the baseline was a risk factor for clinical relapse (OR 4.33, p = 0.005 [95% IC 1.57-11.98]),
such as lamina propria eosinophils (OR 2.99, p = 0.047 [95% IC 1.02-8.83]) and surface irreg-
ularity (OR 4.70, p = 0.010 [95% IC 1.45-15.22]). Patients with a higher number of histologic
lesions at the baseline showed a higher probability of clinical relapse (OR 1.25, p = 0.012
[95% IC 1.05-1.49]). The mean number of histologic lesions in patients in remission was 3.7,
whereas it was 5.2 in patients with clinical relapse (p < 0.05).
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Figure 2. Distribution of histologic lesions at baseline in patients who will maintain remission and in
patients who will relapse.

According to the multivariate analysis, the role of basal plasmacytosis and super-
ficial irregularity was confirmed as risk factors for clinical relapse: OR 2.98, p = 0.050
[95% IC 1.00-8.87] and OR 4.50, p = 0.024 [95% IC 1.22-16.61], respectively. Instead, the
presence of lamina propria eosinophils did not significantly increase the risk of relapse.
The disease duration at the time of colonoscopy confirmed its protective role for future
clinical relapse, with patients with a longer disease being at lower risk (OR 0.90, p = 0.024
[95% IC 0.82-0.98]).

4. Discussion

In UC, patients with MH showed better outcomes in terms of relapse and risk of
cancer [21,22]. However, in long-term follow-up, some patients relapsed despite the
achievement of endoscopic MH. In fact, beyond MH, patients with histologic healing
showed better outcomes, with a lesser use of corticosteroid, a lower colon rectal cancer risk,
and fewer colectomies [16]. Based on this data, histologic healing has been recently pro-
posed as a different and more ambitious therapeutic target in UC [23,24]. However, despite
its advantages, it has not yet been used as a routine clinical practice therapeutic target [4].
Furthermore, a universally accepted definition of histologic healing is lacking [25].

In this retrospective study, we hypothesized that HA beyond MH could be responsible
for relapse in many patients. We evaluated the prevalence of the persistence of microscopic
activity in patients with macroscopically normal mucosa (MES of 0) or with minimal
endoscopic activity (MES of 1), which are both included in the definition of MH used
in clinical practice. In our cohort, only two patients showed the complete absence of
histological activity, in line with the literature, reporting the persistence of HA in 16-100%
of patients [11,26], confirming that endoscopic remission does not always correspond to
histologic remission in UC [27,28]. In a retrospective study conducted by Christensen et al.,
MH was not able to predict relapse-free survival, whereas the persistence of HA beyond MH
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was associated with a higher risk of relapse in a large cohort of 646 patients. Particularly,
histologic normalization (completely normal mucosa with no features of chronicity present)
was associated with increased odds of relapse-free survival compared both with quiescence
(crypt atrophy or branching without signs of active inflammation including erosions,
abscesses, or focal neutrophil infiltration) and with active disease (epithelial infiltration
by neutrophils, crypt abscesses, erosions, or ulceration) [29]. However, this study did not
investigate the role of specific histologic lesions in predicting relapse. Similar results are
reported in another prospective cohort study. Defining histologic remission in this paper as
having a score on the Nancy histologic index (NHI) < 2, the authors found a significant
prolonged relapse-free survival rate in those patients with a MES of 0 who achieved
histologic remission [30], suggesting a superior role of histological assessment than solely
using endoscopy as a therapeutic target. In addition, in a recent systematic review and
meta-analysis, Yoon et al. recently found that among patients with endoscopic remission,
defined as a MES of 0, those who achieved histological remission had a 63% lower risk of
clinical relapse compared to patients with persistent histologic activity (relative risk, 0.37;
95% CI, 0.24-0.56) [31].

In our cohort, we decided to include patients undergoing multiple biopsies in more
than one colonic district because microscopic inflammation could be patchy, especially
after therapy [24,32]; thus, biopsies limited to the rectum could miss significant inflamma-
tory signs. Identifying histologic lesions that predict clinical relapse could be helpful for
clinicians to recognize patients deserving shorter follow-up or therapy escalation, notwith-
standing a clinical and endoscopic remission. In our cohort, according to the univariate
analysis, basal plasmacytosis, lamina propria eosinophils, and superficial irregularity were
associated with a higher relapse rate during the 12-month follow-up. However, in the
multivariate analysis, only basal plasmacytosis and superficial irregularity confirmed this
negative prognostic value.

Basal plasmacytosis, meaning the presence of a dense infiltrate of plasma cells in the
mucosal lower third [20], has already been demonstrated in other cohorts to predict clinical
relapse. In fact, Bessissow et al. demonstrated that basal plasmacytosis was predictive of
clinical relapse in a cohort of 75 patients, of which 40% were being treated with infliximab
or vedolizumab [33]. Similarly, Bitton et al. demonstrated that the presence of basal
plasmacytosis in rectal biopsies was associated with a shorter time to relapse [34]. Our data
confirm the role of basal plasmacytosis (OR 2.98, p = 0.050 [95% IC 1.00-8.87]) in identifying
patients with a major risk of relapse, even in patients with different characteristics. In
fact, including patients not only from a referral center but also from a primary care center,
our population is more representative of the complex characteristics of UC patients in
real life, also including patients undergoing different therapies that have no influence
on the clinical relapse rate in the presence of basal plasmacytosis. Furthermore, only
patients with endoscopically inactive disease were included in the previously mentioned
studies. Instead, we decided to also include patients with mildly active endoscopic disease
(MES of 1) because in the current practice and clinical trials, mild disease is generally
included in a broad definition of “MH”, and it is not considered a reason to change
therapy. In our cohort, the presence of basal plasmacytosis or superficial irregularity could
predict relapse irrespective of the macroscopic mucosal appearance; in fact, there were no
significant differences in the clinical relapse rate between patients with a Mayo endoscopic
subscore of 0 and 1, underlying the importance of histologic control of the disease, beyond
the endoscopic aspect.

However, the physiopathogenesis of basal plasmacytosis in predicting clinical relapse
is still unclear. In fact, basal plasmacytosis is generally considered a sign of chronicity and
not a sign of activity, differently from lamina propria eosinophils and neutrophils, and is
considered to be a key feature in IBD diagnosis [12,20].

Interestingly, we also identified superficial irregularity as being predictive of relapse
(OR 4.50, p = 0.024, [95% IC 1.22-16.61]). Superficial irregularity is defined as an “undu-
lating or broadly villiform surface” by the British Society of Gastroenterology [20]. It is



J. Pers. Med. 2024, 14, 505

8 of 12

an alteration related to the separation of crypts, with consequently wide crypt mouths
conferring a profile like a villous projection to the mucosa. Even if the role of this alteration
in predicting relapse is still not clear, it could probably configure a deep alteration in
the colonic mucosal architecture, implying a severe gut barrier dysfunction that could be
related to a more aggressive disease [35].

Regarding other histologic lesions, an eosinophilic infiltrate in the lamina propria
was more frequently observed at the baseline in patients relapsing after 12 months (30%).
In addition, it was a predictive factor for relapse in the univariate analysis. However,
the multivariate analysis did not confirm this role. Further larger studies are required to
investigate the role of this lesion adequately. In fact, previous small studies suggested
that it could be a negative prognostic factor [36,37]. In our cohort, we did not find any
differences between relapsing and non-relapsing patients regarding the other observed
histologic lesions, even if some of them were previously reported as being associated with
clinical relapse. Particularly, an acute inflammatory infiltrate, that has been suggested
as an important prognostic factor [9,13] was not associated with a higher relapse rate in
our cohort.

Interestingly, in our cohort, there were no significant differences between a MES of
0 and 1 in terms of the probability of relapse, notwithstanding a trend of higher relapse
in patients with a MES of 1. These data suggest that HA could be more important and
significant in UC patients as a prognostic factor, compared to endoscopic appearance. In
fact, in patients who relapsed, we observed a different distribution of histologic lesions
in relation to the MES. The incidence of basal plasmacytosis was 38.9% and 44.4% in
patients with a MES of 0 and 1, respectively. Meanwhile, the surface irregularity showed a
prevalence of 11.1% and 66.7% in MES 0 and MES 1 patients.

However, this study presents some limitations. We did not use a quantitative system of
histological measuring. We decided to describe the single primary lesions that are generally
considered to calculate the activity scores but also included generally excluded lesions
to obtain a more comprehensive description of histological characteristics at the baseline.
In fact, multiple histological scoring systems exist for UC, with no universally accepted
method of assessing activity in biopsies [38], and all the scores showed some pros and
cons. The Geboes score focuses on polymorphonuclear/neutrophil infiltrates and epithelial
damage in different grades, generating a 29-order scale that, even if largely used in clinical
practice, could be too complex and difficult to be applied by non-expert pathologists [39].
The Robarts Histopathology Index is a 33-grade score based on an evaluation ranging from
0 to 3 of four typical histological lesions: inflammatory infiltrates, neutrophils in the lamina
propria, neutrophils in the epithelium, and erosions/ulcerations. Each lesion showed a
different weight, expressed with the use of different multiplicative factors: 1, 2, 3, and 5,
respectively [40]. The Nancy Index provided a more simplified evaluation of histologic
activity, including only three typical lesions (chronic and acute inflammatory infiltrates and
ulceration) with a range of 0 to 4 of grading for each one [41]. Even if all of these three main
histological scores prove to be accurate in identifying disease activity modifications, ECCO
only recommends the Robarts Histopathology Index (RHI) and the Nancy Histological
Index (NHI) for the evaluation of histologic disease activity [24,42]. However, the aim
of these indices is to have a common measure of HA in multicenter clinical trials and a
reliable tool to measure the different efficacy of different drugs in reducing HA over time,
but they do not focus on the overall severity of organ damage or on the disease duration;
thus, they only give a single-time snapshot of disease activity, without providing data
about the risk of relapse of that single patient. Thus, the choice of one score could limit
our view of the real histologic scenario of enrolled patients. For this reason, in our cohort,
we decided to include also lesions that are not included in these scoring systems, and we
demonstrated that basal plasmacytosis and surface irregularity could be more helpful in
predicting relapse compared to lesions evaluated in scoring systems (i.e., chronic and acute
inflammatory infiltrates), as they probably reflect a more aggressive underlying chronic
activity and deeper damage in the gut barrier.
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Furthermore, in clinical practice, histologic scores are not extensively used, and the
common practice for clinicians is to face the interpretation of qualitative histologic reports
based on the description of single histologic lesions. In this context, our data could provide
a useful tool in clinical practice as we provide evidence supporting a prognostic evaluation
based on qualitative descriptions of histological lesions.

Another limit of our work is that in our cohort, the analysis of the histologic report
was retrospective, and more than one pathologist performed the microscopic evaluation.
Even if all the pathologists were experts in gastrointestinal pathology, the interobserver
variability in the description could not be excluded. In fact, no clear thresholds for normal
lamina propria inflammatory cells are reported in the literature [38], and basal plasma-
cytosis and lamina propria eosinophils have been reported to show poor interobserver
agreement [15,42], leading to a poor applicability of our data in a clinical setting. However,
in the future, this scenario could deeply change due to the new perspectives related to
the application of artificial intelligence, even in histological evaluation. In fact, a new
histological score, the PICaSSO Histologic Remission Index (PHRI), based only on neu-
trophils, has been recently described that could be implemented in a computer-aided
diagnosis system that could be trained using a deep learning strategy to detect neutrophils,
to calculate the PHRI, and to distinguish active from quiescent UC. The score evaluates
the presence of neutrophils in the lamina propria (graded from 0 to 1 if absent or present,
respectively) and in the epithelium, which are furtherly classified as neutrophils in the
surface epithelium (1 point), neutrophils in the cryptal epithelium configuring cryptitis
(1 point), and neutrophils in crypt abscesses (1 point). In the case of the absence of an intact
surface epithelium in the biopsies, as for example in the case of erosion/ulceration, 1 point
is scored. The total score, deriving from the sum of the above, could be maximum of 4.
This new score is significantly correlated with clinical outcomes such as hospitalization,
colectomy, and major treatment changes in a 12-month follow-up [43].

Another limit of our study is that, in our cohort, we were not able to integrate data
about C-reactive Protein (CRP), ESR, and fecal calprotectin with histological ones, as they
were not available for all patients, and the times of collection were inconsistent among
patients due to the retrospective nature of the study. Thus, no analysis was possible
regarding the value of these markers in predicting disease relapse.

5. Conclusions

Our study suggests always searching for histologic activity in UC patients with endo-
scopic MH, as it is the real risk factor for clinical relapse in apparently inactive disease, by
using multiple biopsies or, in the future, with the use of virtual chromoendoscopic, confo-
cal endomicroscopy or with artificial intelligence, trained to identify the main histologic
activity factors for relapse. This approach could help to identify patients with a higher
risk of relapse, hence deserving more intensive monitoring of diseases or optimization of
therapy to achieve histological healing. From a forward-looking perspective and within
the realm of increasingly personalized medicine, it would be compelling to observe how
the various classes of drugs impact histologic activity and how the attainment of com-
plete histologic healing is associated with better long-term outcomes such as colon rectal
cancer development.

Author Contributions: Conceptualization L.L., A.C.P. and ES.; Investigation, L.L., A.C.P,, S.B. and
V.C.; data curation L.L., A.C.P, RM. and A.P. (Andrea Poscia); G.F., M.B. and V.A. histological
examination; writing—original draft preparation, L.L., A.C.P,, ES. and R.M.; writing—review and
editing, M.L.S., D.P,, E.G., A.P. (Alfredo Papa), G.C., A.A., A.G. and ES; supervision, M.L.S., A.G.
and ES. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



J. Pers. Med. 2024, 14, 505 10 of 12

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Ethics Committee of Fondazione Policlinico A. Gemelli
IRCCS (Protocol No. 28576/19-ID2669 on 27 September 2019) and it was approved by the Ethics
Committee of the State Hospital of the Republic of San Marino; Protocol (342 No. 99/CERS/2020 on
24 October 2020).

Informed Consent Statement: Patient consent was waived due to the long time between data
collection for the purpose of the study and the actual time of patients’ chart recording for clinical
practice management, so the most part of the patients were not actively followed up at the centers at
the time that the study was conducted or were not reachable by mail or phone or were not able to
reach the centers to sign the informed consent form. Thus, considering the objective impossibility to
collect the informed consent forms, for data protection purposes, data were extracted and anonymized
by a person who was not directly involved in the data analysis and interpretation of data. All the
analyses were performed on an anonymized database.

Data Availability Statement: All data generated or analyzed during this study are included in this
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: Thanks are given to Fondazione Roma for the invaluable support for scientific
research—FR-CEMAD 21-25.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

Boal Carvalho, P; Cotter, ]. Mucosal Healing in Ulcerative Colitis: A Comprehensive Review. Drugs 2017, 77, 159-173. [CrossRef]
[PubMed]

Dignass, A.; Lindsay, J.O.; Sturm, A.; Windsor, A.; Colombel, ].-F,; Allez, M.; D'Haens, G.; D'Hoore, A.; Mantzaris, G.; Novacek,
G.; et al. Second European evidence-based consensus on the diagnosis and management of ulcerative colitis Part 2: Current
management. |. Crohn’s Colitis 2012, 6, 991-1030. [CrossRef] [PubMed]

Rutgeerts, P.; Vermeire, S.; Van Assche, G. Mucosal healing in inflammatory bowel disease: Impossible ideal or therapeutic target?
Gut 2007, 56, 453-455. [CrossRef] [PubMed]

Turner, D.; Ricciuto, A.; Lewis, A.; D’amico, E; Dhaliwal, J.; Griffiths, A.M.; Bettenworth, D.; Sandborn, W.J.; Sands, B.E.; Reinisch,
W.; et al. STRIDE-II: An Update on the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) Initiative of the
International Organization for the Study of IBD (IOIBD): Determining Therapeutic Goals for Treat-to-Target strategies in IBD.
Gastroenterology 2021, 160, 1570-1583. [CrossRef] [PubMed]

Annese, V.; Daperno, M.; Rutter, M.D.; Amiot, A.; Bossuyt, P.; East, ].; Ferrante, M.; G6tz, M.; Katsanos, K.H.; Kiefilich, R.; et al.
European evidence based consensus for endoscopy in inflammatory bowel disease. ]. Crohn’s Colitis 2013, 7, 982-1018. [CrossRef]
[PubMed]

Carvalho, P.B.; De Castro, FD.; Rosa, B.; Moreira, M.].; Cotter, ]. Mucosal healing in ulcerative colitis—When zero is better.
J. Crohn’s Colitis 2016, 10, 20-25. [CrossRef] [PubMed]

Lopez-Sanroman, A. The concept of mucosal healing in ulcerative colitis: Time and reasons for a reappraisal. J. Crohn’s Colitis
2016, 10, 3-4. [CrossRef]

Barreiro-de Acosta, M.; Vallejo, N.; De La Iglesia, D.; Uribarri, L.; Baston, L.; Ferreiro-Iglesias, R.; Lorenzo, A.; Dominguez-Mufioz,
J.E. Evaluation of the risk of relapse in ulcerative colitis according to the degree of mucosal healing (Mayo 0 vs 1): A longitudinal
cohort study. J. Crohn’s Colitis 2016, 10, 13-19. [CrossRef] [PubMed]

Bryant, R.V.; Winer, S.; SPL, T.; Riddell, R.H. Systematic review: Histological remission in inflammatory bowel disease. Is
“complete” remission the new treatment paradigm? An IOIBD initiative. ]. Crohn’s Colitis 2014, 8, 1582-1597. [CrossRef]

Riley, S.A.; Mani, V.; Goodman, M.].; Dutt, S.; Herd, M.E. Microscopic activity in ulcerative colitis: What does it mean? Gut 1991,
32,174-178. [CrossRef]

Park, S.; Abdi, T.; Gentry, M.; Laine, L. Histological Disease Activity as a Predictor of Clinical Relapse Among Patients With
Ulcerative Colitis: Systematic Review and Meta-Analysis. Am. ]. Gastroenterol. 2016, 111, 1692-1701. [CrossRef] [PubMed]
Magro, E; Langner, C.; Driessen, A.; Ensari, A.R.Z.U.; Geboes, K.; Mantzaris, G.J.; Villanacci, V.; Becheanu, G.; Nunes, P.B,;
Cathomas, G.; et al. European consensus on the histopathology of inflammatory bowel disease. . Crohn’s Colitis 2013, 7, 827-851.
[CrossRef] [PubMed]

Ozaki, R.; Kobayashi, T.; Okabayashi, S.; Nakano, M.; Morinaga, S.; Hara, A.; Ohbu, M.; Matsuoka, K.; Toyonaga, T.; Saito, E.;
et al. Histological Risk Factors to Predict Clinical Relapse in Ulcerative Colitis with Endoscopically Normal Mucosa. J. Crohn’s
Colitis 2018, 12, 1288-1294. [CrossRef] [PubMed]

Feakins, R.; Torres, J.; Borralho-Nunes, P.; Burisch, J.; Cturdia Gongalves, T.; De Ridder, L.; Driessen, A.; Lobatoén, T.; Menchén, L.;
Mookhoek, A.; et al. ECCO Topical Review on Clinicopathological Spectrum and Differential Diagnosis of Inflammatory Bowel
Disease. J. Crohn’s Colitis 2022, 16, 343-368. [CrossRef] [PubMed]


https://doi.org/10.1007/s40265-016-0676-y
https://www.ncbi.nlm.nih.gov/pubmed/28078646
https://doi.org/10.1016/j.crohns.2012.09.002
https://www.ncbi.nlm.nih.gov/pubmed/23040451
https://doi.org/10.1136/gut.2005.088732
https://www.ncbi.nlm.nih.gov/pubmed/17369375
https://doi.org/10.1053/j.gastro.2020.12.031
https://www.ncbi.nlm.nih.gov/pubmed/33359090
https://doi.org/10.1016/j.crohns.2013.09.016
https://www.ncbi.nlm.nih.gov/pubmed/24184171
https://doi.org/10.1093/ecco-jcc/jjv180
https://www.ncbi.nlm.nih.gov/pubmed/26438714
https://doi.org/10.1093/ecco-jcc/jjv183
https://doi.org/10.1093/ecco-jcc/jjv158
https://www.ncbi.nlm.nih.gov/pubmed/26351390
https://doi.org/10.1016/j.crohns.2014.08.011
https://doi.org/10.1136/gut.32.2.174
https://doi.org/10.1038/ajg.2016.418
https://www.ncbi.nlm.nih.gov/pubmed/27725645
https://doi.org/10.1016/j.crohns.2013.06.001
https://www.ncbi.nlm.nih.gov/pubmed/23870728
https://doi.org/10.1093/ecco-jcc/jjy092
https://www.ncbi.nlm.nih.gov/pubmed/29939231
https://doi.org/10.1093/ecco-jcc/jjab141
https://www.ncbi.nlm.nih.gov/pubmed/34346490

J. Pers. Med. 2024, 14, 505 11 of 12

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Feakins, R.; Borralho Nunes, P; Driessen, A.; Gordon, 1.O.; Zidar, N.; Baldin, P.; Christensen, B.; Danese, S.; Herlihy, N.; Iacucci,
M.; et al. Definitions of Histological Abnormalities in Inflammatory Bowel Disease: An ECCO Position Paper. ]. Crohn’s Colitis
2024, 18, 175-191. [CrossRef]

Pai, RK.; D'haens, G.; Kobayashi, T.; Sands, B.E.; Travis, S.; Jairath, V.; De Hertogh, G.; Park, B.; McGinnis, K.; Redondo, I;
et al. Histologic assessments in ulcerative colitis: The evidence behind a new endpoint in clinical trials. Expert Rev. Gastroenterol.
Hepatol. 2024, 18, 73-87. [CrossRef]

Bryant, R.V,; Burger, D.C.; Delo, J.; Walsh, A.J.; Thomas, S.; von Herbay, A.; Buchel, O.C.; White, L.; Brain, O.; Keshav, S.; et al.
Beyond endoscopic mucosal healing in UC: Histological remission better predicts corticosteroid use and hospitalisation over
6 years of follow-up. Gut 2016, 65, 408-414. [CrossRef] [PubMed]

Silverberg, M.S.; Satsangi, ].; Ahmad, T.; Arnott, I.D.; Bernstein, C.N.; Brant, S.R.; Caprilli, R.; Colombel, ].F.; Gasche, C.; Geboes,
K.; et al. Toward an integrated clinical, molecular and serological classification of inflammatory bowel disease: Report of a
Working Party of the 2005 Montreal World Congress of Gastroenterology. Can. J. Gastroenterol. 2005, 19 (Suppl. SA), 5A-36A.
[CrossRef] [PubMed]

Rachmilewitz, D. Coated mesalazine (5-aminosalicylic acid) versus sulphasalazine in the treatment of active ulcerative colitis: A
randomised trial. Br. Med. . 1989, 298, 82-86. [CrossRef]

Feakins, R. M. Inflammatory bowel disease biopsies: Updated British Society of Gastroenterology reporting guidelines. J. Clin.
Pathol. 2013, 66, 1005-1026. [CrossRef]

Ardizzone, S.; Cassinotti, A.; Duca, P.; Mazzali, C.; Penati, C.; Manes, G.; Marmo, R.; Massari, A.; Molteni, P.; Maconi, G.; et al.
Mucosal Healing Predicts Late Outcomes After the First Course of Corticosteroids for Newly Diagnosed Ulcerative Colitis. Clin.
Gastroenterol. Hepatol. 2011, 9, 483-489.e3. [CrossRef]

Colombel, ].E; Rutgeerts, P.; Reinisch, W.; Esser, D.; Wang, Y.; Lang, Y.; Marano, C.W.; Strauss, R.; Oddens, B.].; Feagan, B.G;
et al. Early Mucosal Healing With Infliximab Is Associated With Improved Long-term Clinical Outcomes in Ulcerative Colitis.
Gastroenterology 2011, 141, 1194-1201. [CrossRef] [PubMed]

Peyrin-Biroulet, L.; Bressenot, A.; Kampman, W. Histologic Remission: The Ultimate Therapeutic Goal in Ulcerative Colitis? Clin.
Gastroenterol. Hepatol. 2014, 12, 929-934.e2. [CrossRef] [PubMed]

Magro, E; Doherty, G.; Peyrin-Biroulet, L.; Svrcek, M.; Borralho, P.; Walsh, A.; Carneiro, F.; Rosini, F.; de Hertogh, G.; Biedermann,
L.; et al. ECCO Position Paper: Harmonization of the Approach to Ulcerative Colitis Histopathology. J. Crohn’s Colitis 2020, 14,
1503-1511. [CrossRef] [PubMed]

Villanacci, V.; Baert, F; Cornillie, F.; De Hertogh, G.; Panés, J. Challenges faced by cross-sectional imaging and histological
endpoints in clinical trials. J. Crohn’s Colitis 2016, 11, S586-S592. [CrossRef]

Marchal Bressenot, A.; Riddell, R.H.; Boulagnon-Rombi, C.; Reinisch, W.; Danese, S.; Schreiber, S.; Peyrin-Biroulet, L. Review
article: The histological assessment of disease activity in ulcerative colitis. Aliment. Pharmacol. Ther. 2015, 42, 957-967. [CrossRef]
Rosenberg, L.; Nanda, K.S.; Zenlea, T.; Gifford, A.; Lawlor, G.O.; Falchuk, K.R.; Wolf, ].L.; Cheifetz, A.S.; Goldsmith, ]J.D.; Moss,
A.C. Histologic Markers of Inflammation in Patients With Ulcerative Colitis in Clinical Remission. Clin. Gastroenterol. Hepatol.
2013, 11, 991-996. [CrossRef]

Geboes, K.; Dalle, I. Influence of treatment on morphological features of mucosal inflammation. Gut 2002, 50 (Suppl. S3),
1ii37-iii42. [CrossRef]

Christensen, B.; Hanauer, S.B.; Erlich, J.; Kassim, O.; Gibson, PR.; Turner, J.R.; Hart, J.; Rubin, D.T. Histologic Normalization Occurs
in Ulcerative Colitis and Is Associated With Improved Clinical Outcomes. Clin. Gastroenterol. Hepatol. 2017, 15, 1557-1564.e1.
[CrossRef]

Wang, H.; Fewings, I.; Bornman, L.; Shadbolt, B.; Fadia, M.; Subramaniam, K. Histologic Remission (NANCY Index) is Superior
to Endoscopic Mucosal Healing in Predicting Relapse Free Survival in Patients with Ulcerative Colitis in Clinical and Endoscopic
Remission. J. Clin. Gastroenterol. 2023, 57, 494-500. [CrossRef]

Yoon, H.; Jangi, S.; Dulai, P.S.; Boland, B.S.; Prokop, L.J.; Jairath, V.; Feagan, B.G.; Sandborn, W.J.; Singh, S. Incremental Benefit of
Achieving Endoscopic and Histologic Remission in Patients With Ulcerative Colitis: A Systematic Review and Meta-Analysis.
Gastroenterology 2020, 159, 1262-1275.e7. [CrossRef] [PubMed]

Harpaz, N.; Ballentine, S.; Colombel, J.F.; ESands, B.; Ko, H.M. Microscopic heterogeneity in ulcerative colitis: Implications for
microscopic measurement of disease activity. Gut 2020, 69, 401-402. [CrossRef] [PubMed]

Bessissow, T.; Lemmens, B.; Ferrante, M.; Bisschops, R.; Van Steen, K.; Geboes, K.; Van Assche, G.; Vermeire, S.; Rutgeerts, P.; De
Hertogh, G. Prognostic value of serologic and histologic markers on clinical relapse in ulcerative colitis patients with mucosal
healing. Am. J. Gastroenterol. 2012, 107, 1684-1692. [CrossRef] [PubMed]

Bitton, A.; Peppercorn, M.A.; Antonioli, D.A.; Niles, J.L.; Shah, S.; Bousvaros, A.; Ransil, B.; Wild, G.; Cohen, A.; Edwardes,
M.D.D.; et al. Clinical, biological, and histologic parameters as predictors of relapse in ulcerative colitis. Gastroenterology 2001,
120, 13-20. [CrossRef] [PubMed]

Ungaro, R.; Mehandru, S.; Allen, P.B.; Peyrin-Biroulet, L.; Colombel, J.F. Ulcerative colitis. Lancet 2017, 389, 1756-1770. [CrossRef]
[PubMed]

Azad, S.; Sood, N.; Sood, A. Biological and histological parameters as predictors of relapse in ulcerative colitis: A prospective
study. Saudi |. Gastroenterol. 2011, 17, 194-198. [CrossRef] [PubMed]


https://doi.org/10.1093/ecco-jcc/jjad142
https://doi.org/10.1080/17474124.2024.2326838
https://doi.org/10.1136/gutjnl-2015-309598
https://www.ncbi.nlm.nih.gov/pubmed/25986946
https://doi.org/10.1155/2005/269076
https://www.ncbi.nlm.nih.gov/pubmed/16151544
https://doi.org/10.1136/bmj.298.6666.82
https://doi.org/10.1136/jclinpath-2013-201885
https://doi.org/10.1016/j.cgh.2010.12.028
https://doi.org/10.1053/j.gastro.2011.06.054
https://www.ncbi.nlm.nih.gov/pubmed/21723220
https://doi.org/10.1016/j.cgh.2013.07.022
https://www.ncbi.nlm.nih.gov/pubmed/23911875
https://doi.org/10.1093/ecco-jcc/jjaa110
https://www.ncbi.nlm.nih.gov/pubmed/32504534
https://doi.org/10.1093/ecco-jcc/jjw161
https://doi.org/10.1111/apt.13375
https://doi.org/10.1016/j.cgh.2013.02.030
https://doi.org/10.1136/gut.50.suppl_3.iii37
https://doi.org/10.1016/j.cgh.2017.02.016
https://doi.org/10.1097/MCG.0000000000001681
https://doi.org/10.1053/j.gastro.2020.06.043
https://www.ncbi.nlm.nih.gov/pubmed/32585306
https://doi.org/10.1136/gutjnl-2018-318137
https://www.ncbi.nlm.nih.gov/pubmed/30723105
https://doi.org/10.1038/ajg.2012.301
https://www.ncbi.nlm.nih.gov/pubmed/23147523
https://doi.org/10.1053/gast.2001.20912
https://www.ncbi.nlm.nih.gov/pubmed/11208709
https://doi.org/10.1016/S0140-6736(16)32126-2
https://www.ncbi.nlm.nih.gov/pubmed/27914657
https://doi.org/10.4103/1319-3767.80383
https://www.ncbi.nlm.nih.gov/pubmed/21546723

J. Pers. Med. 2024, 14, 505 12 of 12

37.

38.

39.

40.

41.

42.

43.

Zezos, P; Patsiaoura, K.; Nakos, A.; Mpoumponaris, A.; Vassiliadis, T.; Giouleme, O.; Pitiakoudis, M.; Kouklakis, G.; Evgenidis,
N. Severe eosinophilic infiltration in colonic biopsies predicts patients with ulcerative colitis not responding to medical therapy.
Color. Dis. 2014, 16, O420-0430. [CrossRef]

Patil, D.T.; Moss, A.C.; Odze, R.D. Role of Histologic Inflammation in the Natural History of Ulcerative Colitis. Gastrointest.
Endosc. Clin. N. Am. 2016, 26, 629-640. [CrossRef] [PubMed]

Peyrin-Biroulet, L.; Arenson, E.; Rubin, D.T.; Siegel, C.A.; Lee, S.; Stephen Laroux, F.; Zhou, W.; Finney-Hayward, T,
Sanchez Gonzalez, Y.; Shields, A.L. A Comparative Evaluation of the Measurement Properties of Three Histological Indices of
Mucosal Healing in Ulcerative Colitis: Geboes Score, Robarts Histopathology Index and Nancy Index. J. Crohn’s Colitis 2023, 17,
1733-1743. [CrossRef]

Mosli, M.H.; Feagan, B.G.; Zou, G.; Sandborn, W.J.; D’'Haens, G.; Khanna, R.; Shackelton, L.M.; Walker, C.W.; Nelson, S.;
Vandervoort, M.K,; et al. Development and validation of a histological index for UC. Gut 2017, 66, 50-58. [CrossRef]
Marchal-Bressenot, A.; Salleron, ].; Boulagnon-Rombi, C.; Bastien, C.; Cahn, V,; Cadiot, G.; Diebold, M.-D.; Danese, S.; Reinisch,
W.; Schreiber, S.; et al. Development and validation of the Nancy histological index for UC. Gut 2017, 66, 43—49. [CrossRef]
[PubMed]

Vespa, E.; D’amico, F.; Sollai, M.; Allocca, M.; Furfaro, F; Zilli, A.; Buono, A.D.; Gabbiadini, R.; Danese, S.; Fiorino, G. Histological
Scores in Patients with Inflammatory Bowel Diseases: The State of the Art. J. Clin. Med. 2022, 11, 939. [CrossRef] [PubMed]
Gui, X,; Bazarova, A.; del Amor, R.; Vieth, M.; de Hertogh, G.; Villanacci, V.; Zardo, D.; Parigi, T.L.; Reyset, E.S.; Shivaji, UN.;
et al. PICaSSO Histologic Remission Index (PHRI) in ulcerative colitis: Development of a novel simplified histological score for
monitoring mucosal healing and predicting clinical outcomes and its applicability in an artificial intelligence system. Gut 2022, 71,
889-898. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/codi.12725
https://doi.org/10.1016/j.giec.2016.06.009
https://www.ncbi.nlm.nih.gov/pubmed/27633592
https://doi.org/10.1093/ecco-jcc/jjad087
https://doi.org/10.1136/gutjnl-2015-310393
https://doi.org/10.1136/gutjnl-2015-310187
https://www.ncbi.nlm.nih.gov/pubmed/26464414
https://doi.org/10.3390/jcm11040939
https://www.ncbi.nlm.nih.gov/pubmed/35207211
https://doi.org/10.1136/gutjnl-2021-326376
https://www.ncbi.nlm.nih.gov/pubmed/35173041

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Clinical Assessment 
	Histologic Evaluation 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

