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Abstract

:

Monitoring disease activity in inflammatory bowel disease (IBD) is challenging since clinical manifestations do not represent reliable surrogates for an accurate reflection of the inflammatory burden. Endoscopic remission had been the most significant endpoint target in the last years; nevertheless, a remarkable proportion of patients continue to relapse despite a normal-appearing mucosa, highlighting that endoscopy may underestimate the true extent of the disease. A subtle hint of the importance that histology plays in the long-term course of the disease has been endorsed by the STRIDE-II consensus, which recommends considering histologic healing for ulcerative colitis (UC), even though it is not stated to be a compulsory formal target. It is a continuum-changing paradigm, and it is almost a certainty that in the near future, histologic healing may become the new formal target for ulcerative colitis. It must be emphasized that there is great heterogeneity in defining histological remission, and the main criteria or cut-off values for inflammatory markers are still in an ill-defined area. The complexity of some histologic scores is a source of confusion among clinicians and pathologists, leading to low adherence in clinical practice when it comes to a homogenous histopathological report. Therefore, a standardized and more practical approach is urgently needed.
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1. Introduction


Ulcerative colitis is a chronic inflammatory disease with a varying disease course, still bearing a high risk of surgery at 1, 5, or 10 years after diagnosis, despite a temporal decline in the need for surgery over the last six decades [1]. The main incriminated factor behind these relapses and the need for surgery is the persistent histological inflammation, which also translates into corticosteroid dependency, refractory patterns and a wide spectrum of complications leading up to the fulminant episodes. On the contrary, histologic remission in UC proved to determine an increased proportion of symptom-free patients [2], reduced the risk of relapse [3], hospitalizations [4] and colorectal cancer [5].



Since the 1980s, the main objective of clinical trials was the improvement of symptoms. In the following years, cumulative evidence led to the recommendation of some composite scores consisting of symptom resolution and mucosal healing as the primary endpoint. [6]. In UC, patients with a Mayo Endoscopic Score (MES) ≥ 1 have a threefold risk of clinical relapse compared with MES 0 [7]. However, mucosal healing does not always translate into histologic remission since an apparently normal mucosa may have persistent inflammatory activity. It was previously observed that up to 30% of patients with endoscopic remission do not achieve histologic remission [8]. Delving even deeper, previous data from our group identified mucosal gene transcripts associated with persistent histologic inflammation in UC patients who have achieved mucosal healing on endoscopy [9].



In 2007, D’Haens was one of the first authors to highlight histologic remission’s importance by stating that it should be strongly considered as a secondary endpoint in clinical trials [10]. There have been multiple attempts regarding the proper definition of histologic remission. According to the European Consensus on the histopathology of inflammatory bowel disease, remission is characterized by the resolution of the crypt architectural distortion and the inflammatory infiltrate, but some features of sustained damage may still be present, such as a decreased crypt density with branching and crypt shortening [11].



Since 2007, many studies have proved the added benefit of histologic remission in terms of lower relapse rate, cancer risk [11] and decreased hospitalization [12]. However, as clearly stated in the STRIDE-II consensus [13], histologic remission is challenging to obtain, and the required therapies necessary to achieve this objective might be a high burden from the perspective of adverse events and costs, with no similar benefit for every patient (i.e., younger vs. older age, pancolitis vs. proctitis, etc.).



Furthermore, there is a lack of a standardized reporting method for histologic remission, which limits its clinical utility in daily practice. As demonstrated by Lemmens et al., there is a high degree of interobserver variability in histopathology reports, except for the extremes of the spectrum, i.e., inactive or severely active disease [14]. According to Calafat et al., defining histologic remission as the absence of intraepithelial neutrophils is appropriate and seems to be sufficient for prognostic purposes [15]. Another advantage of this approach is that the presence of neutrophils in the epithelium is the histological feature with the highest interobserver variability [16]. The importance of calprotectin serial measurements should not be forgotten as it was shown that elevated levels are correlated with persistent histologic activity, even in patients with macroscopic normal appearance (i.e., mucosal healing) [17]. Thus, in this particular scenario, we firmly believe the clinician must proceed with biopsies.



With this consideration in mind, we should accept the real-world struggles of proper histopathology score knowledge and proper reporting. In a recent survey from Australia, only around 10% of pathologists reported the use of a systematic histologic scoring system, and more than 80% lacked awareness regarding the definition of remission according to different scoring systems [18].



The aim of this review is to scrutinize the available data regarding the most recent and validated histologic scores developed for ulcerative colitis and the individual subcomponents to determine the optimum standardized and practical approach.




2. Parameters of Histologic Disease Activity


According to current guidelines [19], at least two biopsies from each of the five segments of the colon and from the terminal ileum should be taken at the index examination in every patient who has ulcerative colitis as a potential diagnosis.



The normal cellularity of the intestine is not homogeneous in all segments (i.e., eosinophils are more prominent in the left colon), and it is important to send biopsies in different vials in order to properly assess the microscopic disease activity. UC can be characterized from a histologic point of view as chronic inactive, chronic active, or active (Table 1) [20].



The main microscopic features of IBD that should be highlighted in every histopathology report can be subdivided into features of activity and chronicity, respectively. Features of activity are represented by neutrophilic (or eosinophilic) cryptitis, crypt abscesses, necrosis, regenerative and degenerative epithelial changes, erosions, and ulcers [21]. Features of chronicity are represented by distorted crypt architecture (atrophy, foreshortening, irregular spacing, and/or size of crypts), basal plasmacytosis, basal lymphoid aggregates, lymphoplasmacytic infiltrate within the lamina propria or pyloric gland metaplasia [21].



2.1. Neutrophils


The landmark feature of active disease in UC patients is the presence of neutrophils within the lamina propria, surface epithelium, crypt epithelium, or in the lumens of crypts. As proven by Narula et al., the improvement of neutrophils in the epithelium was the only histologic parameter associated with increased odds of endoscopic and histologic remission at week 52 after induction therapy with Vedolizumab or Adalimumab [22]. Both neutrophils and epithelial damage should be used as a parameter since the sole presence of neutrophils might be induced by artifacts secondary to bowel preparation [23].




2.2. Eosinophils


The role of eosinophils is not so well established, but an abundant presence has been observed in ulcerative colitis, mostly in the initial phases of the disease and more frequently in children. There is also data that has linked persistent eosinophilic presence to an increased risk of relapse [24]. High eosinophilia is also associated with more severe colitis, a higher need for colectomy and a higher risk of primary sclerosing cholangitis [25]. On the contrary, the potential protective role of eosinophils was brought into discussion by a study that reported an even larger number of activated eosinophils during inactive UC [26]. Further research conducted by Isobe et al. revealed complex mechanisms that support the latter study, revealing that eosinophils can block PMN infiltration and modulate macrophage phenotype through cytokine mediators [27].




2.3. Basal Plasmacytosis


Basal plasmacytosis, defined as the infiltration of plasma cells extending into the lower one-third of the lamina propria, should be used both as a diagnostic feature and as a label of disease activity. It is linked to relapse of the disease in patients with complete mucosal healing, and the density correlates well with other histological features of disease activity [28].




2.4. Other Histologic Parameters


Other important active inflammatory parameters are the presence of mucosal ulcerations, erosions, mucin depletion and Paneth cell metaplasia.



Mucin depletion, defined as a reduction in the number of goblet cells, is due to epithelial cell damage and can be recognized with good reproducibility. Severe-to-complete mucin depletion is a specific feature differentiating UC from Crohn’s disease. In a study that enrolled more than 190 UC patients, the presence of mucin depletion in patients with endoscopic remission (MES 0) was the only factor significantly and independently associated with the risk of relapse [29].





3. Histologic Scores in UC


Currently, there is no universally accepted method of grading histologic activity in biopsy specimens from patients with UC. The pioneer of histologic disease grading was Truelove, who described the mucosal alterations after hydrocortisone treatment in patients with ulcerative colitis in 1955 [30]. Thereafter, around thirty scoring systems were developed to assess histologic activity. Still, they are mainly used in research protocols, and their practical relevance in deciding how to manage patients’ therapy is limited [31]. Only a few underwent formal content validation and using non-validated scoring systems may have hindered the development of a systematic microscopic response to treatment in UC.



Generally, histologic scores represent a combination of both acute and chronic changes focusing on inflammatory features and their effects on epithelial integrity. A validated and consistent scoring system is needed for international use, but currently, no such score exists. One major challenge is represented by the interobserver agreement, an issue that may limit the implementation of routine histologic remission as a treatment target in ulcerative colitis. One study found satisfactory inter-observer concordance for histological indexes. However, there was a poor correlation between primary histological assessment and reassessment of colonic biopsies by a second pathologist with expertise in IBD [32].



The three scoring methods proposed include the Geboes score and the Nancy and the Robarts histopathological indexes; the former is one of the most widely known and consecrated, and the latter two are the most validated.



3.1. Geboes Score


The Geboes score (GS) was conceptualized more than 20 years ago as a histologic activity system that showed good reproducibility but modest agreement with the endoscopic grading system [33]. It has been used in numerous clinical trials, including new biologics molecules, even though it has never been validated. The Geboes score evaluates seven histological features of inflammatory bowel disease, but due to its complexity, it never adhered to daily clinical practice. The histologic features are represented by:




	
Architectural changes (grade 0);



	
Chronic inflammatory infiltrate (grade 1);



	
Presence of eosinophils (grade 2A) or neutrophils (grade 2B);



	
Neutrophils in epithelium (grade 3);



	
Crypt destruction (grade 4);



	
Erosions and ulcerations (grade 5).








Each grade is further divided into four or five subgrades that are evaluated by considering the most affected area of the biopsy. The GS can be used by assigning a score from 0 to 6 (the highest GS subscore seen in the biopsy) or in a continuous manner (scores from all GS subscores are summed and generate the continuous GS score) [34].



Histologic remission is defined as continuous GS ≤ 6 or GS ≤ 2 (absence of epithelial neutrophils) [34].



A simplified version, the Simplified Geboes Score, was proposed in 2016, and the assessments of histologic activity based on the two scores were comparable [35].




3.2. Robarts Histopathological Index


The Robarts Histopathological Index (RHI) was developed in 2017, and it is mainly derived from the GS. It includes four items that showed excellent inter-rater and intra-rater reliability, and each one receives a grade from 1 to 4:




	
Lamina propria chronic inflammation;



	
Lamina propria neutrophils;



	
Epithelial neutrophils;



	
Surface epithelial injury.








Histologic remission is defined as RHI < 3, while histological response is defined as RHI < 9.



Even though RHI can be considered a simplified version of the GS, an analysis of three prospective cohorts showed that both scores are strongly correlated in their definitions of histological response, as 95% of patients classified as having histological response according to RHI also do so by the same criteria of the GS [36].




3.3. Nancy Index


The Nancy Index (NI) analyzes three characteristics of mucosal activity: acute, chronic inflammatory infiltrate and ulceration. Assessment of ulceration is made by the presence or absence of ulceration, in contrast to grading ulceration, which was used by GS [37]. With reference to NI, it was found that using only three grades of acute inflammatory cell infiltrate (absent, mild, or moderate to severe) was sufficient, while assessment of basal plasmacytosis as an index of chronic inflammatory infiltrate did not improve the index’s sensitivity, being therefore considered futile [37]. This stepwise evaluation based on the worst feature of each of the three characteristics is simple and practical, leading to ECCO’s recommendation of using this score for routine clinical practice [38].



Histologic remission is defined as NI = 0, while NI ≤ 1 defines histologic response. [37].





4. Prognostic Values for Clinical Relapse of Histological Scores


4.1. Geboes Score


One of the first studies to prospectively evaluate the association between Geboes grades and long-term outcomes in patients with UC was published in 2016 [39]. In this study, 179 patients with UC in clinical remission were enrolled; the baseline histologic grade was the only independent factor associated with clinical relapse over 12 months. A Geboes score > 3.1 had a sensitivity and a positive predictive value of 74% and 40%, respectively, for clinical relapse. In a Geboes score of 0 or 1, the relative risk of clinical relapse was only 0.22 [40].



Another study included 75 UC patients with normal endoscopy despite having basal plasmacytosis and histological inflammatory activity with a Geboes score > 3.1 (neutrophils in epithelium with >5% crypts involved) [28]. During a follow-up period of 12 months, the presence of basal plasmacytosis and a Geboes score > 3.1 was predictive of disease relapse, which was significantly higher in the group of patients with these features (37% vs. 9%). In addition, basal plasmacytosis was identified in almost 50% of the relapsers’ group. On the other side, a baseline CRP < 5 mg/L and the use of biological agents were associated with the maintenance of clinical remission.



Histologic assessment with a Geboes score also showed excellent correlation with confocal laser endomicroscopy (CLE) when predicting relapse in patients in UC. In one study, 22 out of 23 patients with active inflammation defined as GS > 3 were also settled in the same histologic group by the evaluation of CLE [40]. A percentage of 64% of patients were classified as having active inflammation (relapsed), while only 11% in the non-active inflammation group relapsed during a follow-up of 12 months.




4.2. Robarts Histopathological Index


There is a paucity of studies reporting the sensitivity of RHI in predicting clinical relapse when compared with GS.



This gap in the literature was addressed by one prospective study published in 2022 [41], with 187 UC patients in clinical and endoscopic remission in whom rectal biopsies were performed and histologic remission was defined as RHI < 3. Only 43% of patients with both clinical and endoscopic remission also associated with histologic remission. The risk of relapse was lower in patients with histologic remission than in those with histologic activity. The cumulative risk of relapse in patients with histologic remission at 1 and 3 years was 20.7 (vs. 45% in patients with histologic activity) and 56.3%, respectively (vs. 67.8%) [41]. Surprisingly, in a post hoc analysis [41], there was no significant difference in the risk of relapse between patients who achieved histologic remission and those with histologic activity confined only to the lamina propria [neutrophil infiltrates in the lamina propria, but not in the epithelium].




4.3. Nancy Index


There is no prospective study addressing the Nancy index (NI) as a predictor for future clinical relapse, at least to our knowledge. Several retrospective studies were identified and screened for the analysis.



In a study published by D’Amico et al. [42], 156 UC patients were included, and approximately a quarter were considered to be in histologic remission (Nancy index 0) at baseline. Patients in histologic remission compared to those with histologic activity (defined as Nancy index > 1) underwent no surgery during follow-up (0% vs. 14%) and had a lower rate of hospitalization (7.1% vs. 36%) [42].



Similar results were reported in a recently published study [43] of 184 UC patients with a median follow-up of 42 months. Patients with MES 0 and histologic remission (NHI 0) had significantly higher relapse-free rates of survival. Nonetheless, after multivariate analysis, the only independent risk factor of future clinical relapse remained the histologic activity [43].



Due to higher clinical applicability, the Nancy index was compared to the Geboes score to prove validity in a large cohort of more than 400 UC patients [44]. NI was demonstrated to be strongly correlated with GS, with 92% of patients considered to be in histologic remission and 99% of patients considered to have histologic activity by both scores [44].




4.4. Individual Markers of Histologic Activity


In contrast to the scarcity of data regarding histologic scores as predictors of clinical relapse, there are more prospective analyses of histologic inflammatory subcomponent assessment and their correlations with the risk of relapse or exacerbation.



Basal plasmacytosis was found to be the single histologic feature predictive of disease relapse in a prospective study of 74 patients with quiescent disease at baseline [45]. For many decades, it has been known that basal plasmacytosis can be the earliest histologic feature that advocates for the diagnosis of IBD over acute infectious colitis; in addition, beyond the scope of the study that aimed to find markers of differentiations between IBD and infectious colitis, it was also found that IBD patients who had a shorter relapse-free disease had more common basal plasmacytosis [46]. Controversially, in a more recent study, basal plasmacytosis did not appear to be a predictor of relapse [47].



The well-known study of Riley et al. [3] did not assess basal plasmacytosis but reported that patients with an acute inflammatory cell infiltrate (crypt abscesses and mucin depletion) and not chronic infiltrate had a higher frequency of relapse during follow-up [3]. Similar results were found in another prospective study that evaluated the role of fecal calprotectin (FC) as a predictor of relapse and histologic mucosal healing [48]; FC was predictive of disease relapse at the 6-month follow-up and histologic inflammatory activity (based on the presence of neutrophilic inflammation—cryptitis and crypt abscesses) at the 12-month follow-up [48]. Similar data were found in 113 patients with left-sided or extensive UC in clinical and endoscopic remission [15], where basal plasmacytosis acute and chronic histologic inflammatory activity were evaluated. Acute inflammatory activity (defined as the presence of intraepithelial neutrophils) remained the only risk factor for relapse within the first year of follow-up, with a risk ratio of 7.5 [15].



On the contrary, chronic inflammatory cell infiltrate, crypt abscesses, and basal plasmacytosis showed no statistical significance for clinical relapse in other prospective evaluations of 67 UC patients [29]; in this study, crypt architectural irregularities and mucin depletion were the only histologic abnormalities associated with relapse [29].



Further evidence supporting the implementation of histologic remission as a distinct target from endoscopic healing is revealed by an investigation where 91 UC patients were followed for 6 years. Histologic and not endoscopic remission predicted both corticosteroid use and acute severe colitis episodes requiring hospitalization [49].



The amplitude of the effect of different histologic markers on clinical outcomes has been the subject of a systematic review [50]. The absence of neutrophils in the lamina propria or epithelium predicted a lower risk of relapse or exacerbation, with an RR of 0.32 [50]. This is in contrast to the recently published post-hoc analysis of the review mentioned above, where neutrophils in the lamina propria did not influence the outcome [41].



Other features that predicted relapse/exacerbation were crypt abscesses, eosinophils in lamina propria, and chronic inflammatory cell infiltration. Conversely, the absence of basal plasmacytosis, basal lymphoid aggregates, and architectural crypt distortion were not associated with decreased relapse/exacerbation. Overall, histologic remission predicted a significant reduction of clinical relapse when compared to histologic activity (52% RR reduction) and a further 20% risk reduction when compared to the presence of endoscopic remission (also labeled as “macroscopic mucosal healing”) [50].




4.5. Summary of a Practical Approach


Taking into consideration the evidence presented above, we believe that a more practical approach would be beneficial from multiple perspectives. First, the homogeneity in histopathology reports that the implementation of activity scores consequently determines a better adherence in clinical practice and would support the use of histologic remission as a formal target. Secondly, the Nancy score seems to be the most simplistic approach, yet it has proven validity when compared to the more complex Geboes score. Though these scores perform well in defining histologic activity, only looking into the status of intraepithelial neutrophils also proved accurate in terms of long-term prognosis, and it represents the most accurate individual histologic marker for remission.





5. Conclusions


Gastroenterologists currently focus on mucosal rather than histologic healing as a therapeutic target in ulcerative colitis. Mucosal healing is generally associated with a good prognosis, but it is not an accurate illustration of what lies underneath or within the mucosa since around one-third of patients still present inflammatory markers that predispose patients to high relapse rates.



We admit that histologic healing is an ambitious target that requires invasive procedures, repeated biopsies and histopathologic diagnosis, parameters that secondarily have an impact in terms of financial aspects and patients’ compliance. When taking into account the proven benefits of histologic remission regarding a lower rate of relapse, hospitalizations, corticosteroid use, and also surgical risk with less need for emergency and elective colectomies, we believe that histologic healing must be considered a formal target in ulcerative colitis, at least for a particular subset of patients with unfavorable prognostic factors (i.e., younger age at diagnosis, high systemic inflammatory burden, and extensive colitis).



Future prospective studies are needed to validate and implement the histologic scores that will hopefully settle the status of histologic remission in the next guidelines.







Author Contributions


Conceptualization, C.P. (Christopher Pavel) and M.M.D.; methodology, A.-E.S.; software, O.-M.P.; validation, G.C. and M.I.; formal analysis, C.G.Ţ.; investigation, C.P. (Christopher Pavel), A.C. and O.-M.P.; data curation, L.T.; writing—original draft preparation, C.P. (Christopher Pavel); writing—review and editing, C.G.Ţ. and O.-M.P.; visualization, C.P. (Cristina Patoni) and V.S.; supervision, M.M.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Frolkis, A.D.; Dykeman, J.; Negrón, M.E.; Debruyn, J.; Jette, N.; Fiest, K.M.; Frolkis, T.; Barkema, H.W.; Rioux, K.P.; Panaccione, R.; et al. Risk of surgery for inflammatory bowel diseases has decreased over time: A systematic review and meta-analysis of population-based studies. Gastroenterology 2013, 5, 996–1006. [Google Scholar] [CrossRef] [PubMed]

	



Korelitz, B.I. Mucosal healing as an index of colitis activity: Back to histological healing for future indices. Inflamm. Bowel Dis. 2010, 16, 1628–1630. [Google Scholar] [CrossRef]

	



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

	



Travis, S.P.; Higgins, P.D.; Orchard, T.; Van Der Woude, C.J.; Panaccione, R.; Bitton, A.; O’Morain, C.; Panes, J.; Sturm, A.; Reinisch, W.; et al. Review article: Defining remission in ulcerative colitis. Aliment. Pharmacol. Ther. 2011, 34, 113–124. [Google Scholar] [CrossRef]

	



Gupta, R.B.; Harpaz, N.; Itzkowitz, S.; Hossain, S.; Matula, S.; Kornbluth, A.; Bodian, C.; Ullman, T. Histologic inflammation is a risk factor for progression to colorectal neoplasia in ulcerative colitis: A cohort study. Gastroenterology 2007, 133, 1099–1105. [Google Scholar] [CrossRef] [PubMed]

	



Dragoni, G.; Innocenti, T.; Galli, A. Biomarkers of Inflammation in Inflammatory Bowel Disease: How Long before Abandoning Single-Marker Approaches? Dig. Dis. 2021, 3, 190–203. [Google Scholar] [CrossRef] [PubMed]

	



Boal Carvalho, P.; Cotter, J. Mucosal Healing in Ulcerative Colitis: A Comprehensive Review. Drugs 2017, 2, 159–173. [Google Scholar] [CrossRef]

	



Rosenberg, L.; Nanda, K.S.; Zenlea, T.; Gifford, A.; Lawlor, G.O.; Falchuk, K.R.; Wolf, J.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, 8, 991–996. [Google Scholar] [CrossRef]

	



D’haens, G.; Sandborn, W.J.; Feagan, B.G.; Geboes, K.; Hanauer, S.B.; Irvine, E.J.; Lémann, M.; Marteau, P.; Rutgeerts, P.; Schölmerich, J.; et al. A review of activity indices and efficacy end points for clinical trials of medical therapy in adults with ulcerative colitis. Gastroenterology 2007, 132, 763–786. [Google Scholar] [CrossRef]

	



Magro, F.; 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 histo-pathology of inflammatory bowel disease. J. Crohn’s Colitis 2013, 7, 827–851. [Google Scholar] [CrossRef]

	



Peyrin-Biroulet, L.; Bressenot, A.; Kampman, W. Histologic remission: The ultimate therapeutic goal in ulcerative colitis? Clin. Gastroenterol. Hepatol. 2014, 12, 929–934.e2. [Google Scholar] [CrossRef] [PubMed]

	



Isaacs, K.L. How rapidly should remission be achieved? Dig. Dis. 2010, 28, 548–555. [Google Scholar] [CrossRef] [PubMed]

	



Turner, D.; Ricciuto, A.; Lewis, A.; D’Amico, F.; 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, 5, 1570–1583. [Google Scholar] [CrossRef] [PubMed]

	



Lemmens, B.; Arijs, I.; Van Assche, G.; Sagaert, X.; Geboes, K.; Ferrante, M.; Rutgeerts, P.; Vermeire, S.; De Hertogh, G. Correlation between the endoscopic and histologic score in assessing the activity of ulcerative colitis. Inflamm. Bowel Dis. 2013, 6, 1194–1201. [Google Scholar] [CrossRef] [PubMed]

	



Calafat, M.; Lobatón, T.; Hernández-Gallego, A.; Mañosa, M.; Torres, P.; Cañete, F.; Cabré, E.; Ojanguren, I.; Domènech, E. Acute histological inflammatory activity is associated with clinical relapse in patients with ulcerative colitis in clinical and endoscopic remission. Dig. Liver Dis. 2017, 12, 1327–1331. [Google Scholar] [CrossRef] [PubMed]

	



Mosli, M.H.; Feagan, B.G.; Zou, G.; Sandborn, W.J.; D’Haens, G.; Khanna, R.; Behling, C.; Kaplan, K.; Driman, D.K.; Shackelton, L.M.; et al. Reproducibility of histological assessments of disease activity in UC. Gut 2015, 11, 1765–1773. [Google Scholar] [CrossRef]

	



Guardiola, J.; Lobatón, T.; Rodríguez-Alonso, L.; Ruiz-Cerulla, A.; Arajol, C.; Loayza, C.; Sanjuan, X.; Sánchez, E.; Rodríguez-Moranta, F. Fecal level of calprotectin identifies histologic inflammation in patients with ulcerative colitis in clinical and endoscopic remission. Clin. Gastroenterol. Hepatol. 2014, 11, 1865–1870. [Google Scholar] [CrossRef]

	



Pudipeddi, A.; Fung, C.; Christensen, B.; Bryant, R.V.; Subramaniam, K.; Chetwood, J.; Paramsothy, S.; Leong, R.W. Knowledge and attitudes towards the use of histological assessments in ulcerative colitis by gastroenterologists vs pathologists. World J. Gastroenterol. 2023, 2, 378–389. [Google Scholar] [CrossRef]

	



Feakins, R.M. British Society of Gastroenterology. Inflammatory bowel disease biopsies: Updated British Society of Gastroenterology reporting guidelines. J. Clin. Pathol. 2013, 12, 1005–1026. [Google Scholar] [CrossRef]

	



DeRoche, T.C.; Xiao, S.Y.; Liu, X. Histological evaluation in ulcerative colitis. Gastroenterol. Rep. 2014, 3, 178–192. [Google Scholar] [CrossRef]

	



Odze, R.; Goldblum, J. Inflammatory Disorders of the Large Intestine in Surgical Pathology of the GI tract, Liver, Biliary Tract and Pancreas, 4th ed.; Elsevier: Amsterdam, The Netherlands, 2021; pp. 501–503. [Google Scholar]

	



Narula, N.; Wong, E.C.L.; Colombel, J.F.; Riddell, R.; Marshall, J.K.; Reinisch, W.; Dulai, P.S. Early Change in Epithelial Neutrophilic Infiltrate Predicts Long-Term Response to Biologics in Ulcerative Colitis. Clin. Gastroenterol. Hepatol. 2022, 5, 1095–1104.e9. [Google Scholar] [CrossRef] [PubMed]

	



Jouret-Mourin, A.; Faa, G.; Geboes, K. Inflammatory Bowel Diseases in Colitis, A Practical Approach to Colon and Ileum Biopsy Interpretation, 2nd ed.; Springer: Berlin/Heidelberg, Germany, 2018; pp. 118–119. [Google Scholar]

	



Bischoff, S.C.; Mayer, J.; Nguyen, Q.T.; Stolte, M.; Manns, M.P. Immunnohistological assessment of intestinal eosinophil activation in patients with eosinophilic gastroenteritis and inflammatory bowel disease. Am. J. Gastroenterol. 1999, 12, 3521–3529. [Google Scholar] [CrossRef] [PubMed]

	



Barrie, A.; Mourabet, M.E.; Weyant, K.; Clarke, K.; Gajendran, M.; Rivers, C.; Park, S.Y.; Hartman, D.; Saul, M.; Regueiro, M.; et al. Recurrent blood eosinophilia in ulcerative colitis is associated with severe disease and primary sclerosing cholangitis. Dig. Dis. Sci. 2013, 1, 222–228. [Google Scholar] [CrossRef] [PubMed]

	



Lampinen, M.; Rönnblom, A.; Amin, K.; Kristjansson, G.; Rorsman, F.; Sangfelt, P.; Säfsten, B.; Wagner, M.; Wanders, A.; Winqvist, O.; et al. Eosinophil granulocytes are activated during the remission phase of ulcerative colitis. Gut 2005, 12, 1714–1720. [Google Scholar] [CrossRef] [PubMed]

	



Isobe, Y.; Kato, T.; Arita, M. Emerging roles of eosinophils and eosinophil-derived lipid mediators in the resolution of inflammation. Front. Immunol. 2012, 3, 270. [Google Scholar] [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, 11, 1684–1692. [Google Scholar] [CrossRef]

	



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, 11, 1288–1294. [Google Scholar] [CrossRef]

	



Truelove, S.C.; Richards, W.C. Biopsy studies in ulcerative colitis. Br. Med. J. 1956, 1, 1315–1318. [Google Scholar] [CrossRef]

	



Novak, G.; Parker, C.E.; Pai, R.K.; MacDonald, J.K.; Feagan, B.G.; Sandborn, W.J.; D’Haens, G.; Jairath, V.; Khanna, R. Histologic scoring indices for evaluation of disease activity in Crohn’s disease. Cochrane Database Syst. Rev. 2017, 7, CD012351. [Google Scholar] [CrossRef]

	



Römkens, T.; Kranenburg, P.; van Tilburg, A.; Bronkhorst, C.; Nagtegaal, I.D.; Drenth, J.; Hoentjen, F. Assessment of Histological Remission in Ulcerative Colitis: Discrepancies Between Daily Practice and Expert Opinion. J. Crohn’s Colitis 2018, 12, 425–431. [Google Scholar] [CrossRef]

	



Geboes, K.; Riddell, R.; Ost, A.; Jensfelt, B.; Persson, T.; Löfberg, R. A reproducible grading scale for histological assessment of inflammation in ulcerative colitis. Gut 2000, 47, 404–409. [Google Scholar] [CrossRef] [PubMed]

	



Vespa, E.; D’Amico, F.; Sollai, M.; Allocca, M.; Furfaro, F.; Zilli, A.; Dal Buono, A.; Gabbiadini, R.; Danese, S.; Fiorino, G. Histological Scores in Patients with Inflammatory Bowel Diseases: The State of the Art. J. Clin Med. 2022, 4, 939. [Google Scholar] [CrossRef] [PubMed]

	



Jauregui-Amezaga, A.; Geerits, A.; Das, Y.; Lemmens, B.; Sagaert, X.; Bessissow, T.; Lobatón, T.; Ferrante, M.; Van Assche, G.; Bisschops, R.; et al. A Simplified Geboes Score for Ulcerative Colitis. J Crohn’s Colitis 2017, 3, 305–313. [Google Scholar] [CrossRef] [PubMed]

	



Magro, F.; Lopes, J.; Borralho, P.; Lopes, S.; Coelho, R.; Cotter, J.; Dias de Castro, F.; Tavares de Sousa, H.; Salgado, M.; Andrade, P.; et al. Comparing the Continuous Geboes Score With the Robarts Histopathology Index: Definitions of Histological Remission and Response and their Relation to Faecal Calprotectin Levels. J. Crohn’s Colitis 2020, 2, 169–175. [Google Scholar] [CrossRef] [PubMed]

	



Marchal-Bressenot, A.; Salleron, J.; 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. [Google Scholar] [CrossRef]

	



Magro, F.; Estevinho, M. Reporting of endoscopy and histology of UC in routine clinical practice: How far we are! UEG J. 2023, 11, 720–721. [Google Scholar] [CrossRef]

	



Zenlea, T.; Yee, E.U.; Rosenberg, L.; Boyle, M.; Nanda, K.S.; Wolf, J.L.; Falchuk, K.R.; Cheifetz, A.S.; Goldsmith, J.D.; Moss, A.C. Histology Grade Is Independently Associated With Relapse Risk in Patients With Ulcerative Colitis in Clinical Remission: A Prospective Study. Am. J. Gastroenterol. 2016, 5, 685–690. [Google Scholar] [CrossRef]

	



Li, C.Q.; Liu, J.; Ji, R.; Li, Z.; Xie, X.J.; Li, Y.Q. Use of confocal laser endomicroscopy to predict relapse of ulcerative colitis. BMC Gastroenterol. 2014, 14, 45. [Google Scholar] [CrossRef]

	



Park, J.; Kang, S.J.; Yoon, H.; Park, J.; Oh, H.J.; Na, H.Y.; Lee, H.S.; Shin, C.M.; Park, Y.S.; Kim, N.; et al. Histologic Evaluation Using the Robarts Histopathology Index in Patients with Ulcerative Colitis in Deep Remission and the Association of Histologic Remission With Risk of Relapse. Inflamm. Bowel Dis. 2022, 11, 1709–1716. [Google Scholar] [CrossRef]

	



D’Amico, F.; Guillo, L.; Baumann, C.; Danese, S.; Peyrin-Biroulet, L. Histological Disease Activity Measured by the Nancy Index Is Associated with Long-term Outcomes in Patients with Ulcerative Colitis. J. Crohn’s Colitis 2021, 10, 1631–1640. [Google Scholar] [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, 5, 494–500. [Google Scholar] [CrossRef]

	



Magro, F.; Lopes, J.; Borralho, P.; Dias, C.C.; Afonso, J.; Ministro, P.; Santiago, M.; Geboes, K.; Carneiro, F. Portuguese IBD Study Group [GEDII], Comparison of the Nancy Index With Continuous Geboes Score: Histological Remission and Response in Ulcerative Colitis. J. Crohn’s Colitis 2020, 14, 1021–1025. [Google Scholar] [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.; et al. Clinical, biological, and histologic parameters as predictors of relapse in ulcerative colitis. Gastroenterology 2001, 1, 13–20. [Google Scholar] [CrossRef] [PubMed]

	



Schumacher, G.; Kollberg, B.; Sandstedt, B. A prospective study of first attacks of inflammatory bowel disease and infectious colitis. Histologic course during the 1st year after presentation. Scand. J. Gastroenterol. 1994, 4, 318–332. [Google Scholar] [CrossRef] [PubMed]

	



Jauregui-Amezaga, A.; López-Cerón, M.; Aceituno, M.; Jimeno, M.; Rodriguez de Miguel, C.; Pinó-Donnay, S.; Zabalza, M.; Sans, M.; Ricart, E.; Ordás, I.; et al. Accuracy of advance endoscopy and fecal calprotectin for prediction of relapse in ulcera- tive colitis: A prospective study. Inflamm. Bowel Dis. 2014, 20, 1187–1193. [Google Scholar] [CrossRef] [PubMed]

	



Theede, K.; Holck, S.; Ibsen, P.; Kallemose, T.; Nordgaard-Lassen, I.; Nielsen, A.M. Fecal calprotectin predicts relapse and histological mucosal healing in ulcerative colitis. Inflamm. Bowel Dis. 2016, 22, 1042–1048. [Google Scholar] [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, 3, 408–414. [Google Scholar] [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. J. Gastroenterol. 2016, 12, 1692–1701. [Google Scholar] [CrossRef]








 





Table 1. The main microscopic features of inflammatory bowel disease.






Table 1. The main microscopic features of inflammatory bowel disease.









	Features Of Histopathological Activity
	Features Of Histopathological Chronicity





	
	
Neutrophilic (or eosinophilic) cryptitis;



	
Crypt abscesses, necrosis;



	
Regenerative and degenerative epithelial changes;



	
Erosions and ulcers.





	
	
Distorted crypt architecture (atrophy, foreshortening, irregular spacing and/or size of crypts);



	
Basal plasmacytosis;



	
Basal lymphoid aggregates;



	
Lymphoplasmacytic infiltrate within the lamina propria;



	
Pyloric gland metaplasia.
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