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Ulcerative colitis, one of the phenotypic patterns of inflammatory bowel disease, should be considered a progressive disease with an increased risk of complications if intestinal inflammation is not adequately controlled. The advent of new lines of treatment for this condition has changed and expanded the therapeutic goals to modify its natural history and evolution. The concept of “disease clearance” in ulcerative colitis aims to achieve clinical and biological remission as well as mucosal healing (endoscopic, histological, and in future molecular) in these patients. This review provides the available data on each of the goals of disease clearance in ulcerative colitis to be considered for application in clinical practice in the coming years.
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Introduction

Ulcerative colitis (UC) is one of the phenotypic forms of inflammatory bowel disease (IBD) in which an abnormal inflammation occurs in the colon mucosa and commonly determines diarrhea and the presence of blood in the stool (1). Even the complex mechanisms contributing to the development of UC remain unclear, both innate (neutrophils, dendritic cells, and macrophages) and adaptive immune cells (cytotoxic lymphocytes, regulatory lymphocytes Treg, or helper lymphocytes Th–Th2, Th9, Th17, and Th22) play a crucial role in its pathogenesis influenced by the effect of pro-inflammatory and anti-inflammatory cytokines present in the colonic mucosa (2). Although UC is usually presented as a mild condition (3), over time patients with UC and risk factors for aggressive or complicated disease (4) can develop structural and functional damage to the colon, including colonic dysmotility, benign strictures, and anorectal dysfunction (5). Moreover, a colectomy remains required in up to 20–30% of medically refractory UC (6, 7), and even though the risk of colorectalcarcinoma has decreased over time in patients with UC, it remains elevated in those with associated primary sclerosing cholangitis, long duration of disease, and uncontrolled inflammation (8, 9).

Current pharmacological treatments, including salicylates, thiopurines, small molecules, and biologics, are used in UC according to the severity and extension of the disease, as well as comorbidities and previous response to conventional drugs (10). The principal aim of medical management is to induce and maintain remission with the long-term goals of preventing disease progression (11), including disability, colectomy, and colorectal cancer, and improving the quality of life of UC patients with UC by adequately control of the inflammatory response (7). Out of clinical trials, the recent update of Selecting Therapeutic Targets in Inflammatory Bowel Disease (7) proposes the goals, from short-term to long-term, to monitor treat-to-target strategies in patients with IBD toward altering the natural history of the disease, including clinical indices, biochemical biomarkers, and endoscopic healing, and considering histology healing in UC (7). These goals are incorporated into the concept of “disease clearance (DC),” which represents a deep and complete remission achieving symptomatic remission, mucosal healing (endoscopic and histological healing), and evolving to molecular healing with the restoration of specific molecular pathways involved in the etiopathogenesis of the disease (12). In this review article, we provide updated information from each therapeutic target that could shape the concept of “disease clearance” to improve the long-term outcome of UC.



Clinical target for disease clearance in UC

Clinical remission is a target in the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE-2), and it has been ranked as the most important of short-term treatment goals in UC (7). In UC, clinical symptoms are well correlated with the endoscopic (13, 14) and biochemical (15, 16) degree of inflammation and clinical improvement (by the absence of diarrhea and blood in stool) is a predictor of reduced risk of relapse and colectomy (17, 18).

Numerous UC severity indices are available, but the more commonly used in adult clinical trials and studies is the Mayo score (19), which included stool frequency, rectal bleeding, physician’s global assessment, and an endoscopic subscore (ranging from 0 to 12 points). When the endoscopic assessment is excluded, a full clinical index is performed, named the partial Mayo score. Most studies defined clinical remission as a partial Mayo score of ≤ 2 (with no subscore of >1), but this condition allowed the presence of blood in feces (even scarce) and should not be considered as a complete remission. Patient-reported outcome measures (PROMs) are increasingly used to monitor disease activity in clinical practice and as endpoints in clinical trials (20). The PRO2 has become the current standard for assessing symptoms in UC, listed in the STRIDE-2, which included two subjective items of the Mayo score, stool frequency, and rectal bleeding. This PRO2 has been correlated with endoscopic and histological features (21) and allows assessment of clinical remission as a short-term response to treatment in UC. In addition, health-related quality of life (HRQoL) has been suggested as a relevant endpoint for IBD management. IBD impairs both physical and psychological patient’s conditions, and in STRIDE-2, restoration of QoL and absence of disability had been added as a long-term target in UC (7). Several studies have reported that UC impairs QoL and clinical activity (increased bowel frequency, urgency, and rectal bleeding) was pointed out as the factor with the most negative impact on HRQoL (22–24). Moreover, treatments usually used in trials and clinical practice (as aminosalicylates, biologics, and small molecules) are able to improve de QoL in patients with UC (25). The Inflammatory Bowel Disease Questionnaire 32 (IBDQ-32) [a 32-item questionnaire that includes four aspects of the patient’s life and the main domains are intestinal symptoms (10 items), systemic symptoms (five items), and social (12 items) and emotional domains (five items)] and Inflammatory Bowel Disease Questionnaire 36 (IBDQ-36) [a 36-item questionnaire that comprises these points: intestinal symptoms (eight items), systemic symptoms (seven items), social (six items) and emotional domains (eight items), and functional impairment (seven items)] are the most commonly disease-specific tools used and have been demonstrated to be reliable and valid (26).

In summary, clinical remission reaching a normal stool frequency without rectal bleeding is an early goal in patients with UC and attempts a subsequent improvement of the QoL on these patients.



Endoscopic target for disease clearance in UC

Mucosal healing (MH) is recommended as a therapeutic objective in patients with IBD and included in STRIDE-2 as a long-term treatment goal in UC because it is related to a more favorable course of the disease (7). Even though several endoscopic scores have been used in UC, the Mayo Endoscopic Score (MES) remains the most extensively used endoscopic index in clinical practice and trials (although not validated) because MES is easy and practical, with good predictive value, and provides a simple visual representation of the degree of endoscopic inflammation in UC (from 0 to 3) (27). Another score, Ulcerative Colitis Endoscopic Index of Severity (UCEIS), is also established in STRIDE-2. UCEIS includes three descriptors (vascular pattern, bleeding, and erosions and ulcers) and is particularly accurate in describing the severity of the lesions and treatment responsiveness than MES because considers the size and depth of ulcers. Both, MES and UCEIS, described the most severely affected area of the colon involved but not the extent and/or location of the endoscopic activity (28).

Mucosal healing has been commonly defined as MES of ≤ 1, but complete endoscopic healing represents MES 0 is associated with better disease outcomes, and therefore, differential concepts such as endoscopic improvement (MES of 0 or 1) and endoscopic remission (MES = 0 or UCEIS = 0) should be considered (29). Since 2016, several studies have demonstrated a distinctive outcome according to MES of 0 or 1. In two similarly designed studies, prospective studies (n = 187 and 138 patients with UC in clinical remission), a higher percentage of relapse has been observed in patients who had reached an MES 1 index compared with the group with an MES 0 index (36.6% vs. 9.4%; p < 0.001 and 19.3 vs. 41%; p = 0.022) after a 12-month follow-up (30, 31). Further studies are compilated in a recent meta-analysis reviewing 15 eligible studies, and the rate of clinical relapse for MES 1 patients ranged from 8 to 66.7% and for MES 0 patients from 0 to 33.3%, suggesting that MES = 1 have a higher risk of relapse than a score of MES = 0, which displayed a lower risk of clinical relapse (OR: 0.33; 95% CI: 0.26–0.43; I2 13%) irrespective of the follow-up time (12 months or longer). In this meta-analysis, no differences were found comparing MES 0 versus MES 1 regarding the risk of hospitalization or colectomy (32). Moreover, based on a second meta-analysis including 2,608 patients with UC in clinical remission, achieving endoscopic remission (MES 0) had a 52% lower risk of clinical relapse [RR, 0.48 (95% CI: 0.37–0.62)] than those with mild endoscopic activity (MES 1) (33). A recent multicenter study compared between UC patients without disease clearance (DC) (n = 385) and patients with UC who reached DC (n = 109) (defined as simultaneous clinical (partial Mayo score of ≤ 2), endoscopic (endoscopic Mayo score = 0), and histological (Nancy index = 0) remission). These patients were monitored for more than 12 months, and patients with early disease clearance are at significantly lower risk for hospitalization (5.5% vs. 23.1%; p < 0.001) and surgery (1.8% vs. 10.9%; p = 0.003) (34), demonstrating a better outcome in these patients when different DC goals are achieved in combination.

In summary, MES 0 should therefore be considered the appropriate therapeutic goal as it predicts a favorable outcome in UC.



Biological target for disease clearance in UC

Non-invasive serum [as protein C-reactive protein (CRP)] and fecal inflammatory biomarkers [as fecal calprotectin (FC)] are useful for monitoring patients with IBD by regular measures throughout the patient’s disease course. In STRIDE-2, the normalization of CRP and the decrease of FC are short-term and intermediate-term targets in patients with UC, respectively (7). Even though both CRP and FC can predict endoscopic activity (35), a high correlation of FC with clinical, endoscopic, and histological activity has been described (35–37). FC is the most studied biomarker in IBD and involves a cytoplasmatic protein (prominently present in neutrophils) that is released during the inflammatory response in the intestinal mucosa (38). Regarding the FC and its relation with endoscopic mucosal inflammation, a large study (n = 115 patients with UC) demonstrates a sensitivity of 93%, specificity of 71%, PPV of 91%, and NPV of 81% using an FC cutoff value of 50 μg/g (39) to identify the inactive disease (non-endoscopic activity), and FC was also able to discriminate inactive from mild, moderate, and highly active disease. In order to predict mucosal healing from inflammation in UC, a study including 75 patients showed that an FC cutoff value of 61 μg/g had sensitivity of 84.1% [75.0–93.2%] and specificity of 83.3% [74.0–92.6%] to differentiate MES = 0 (40). Another study (n = 112 UC) determines that the area under the curve (AUC) in receiver operator characteristic analysis of FC to predict Mayo score of 0 and 1 was 0.869 with a cutoff value of 200 μg/g (67% sensitivity and 91% specificity); however, the power of FC to predict Mayo score of 0 was modest because the AUC was 0.639 with a cutoff value of 194 μg/g (71% sensitivity and 58% specificity) (41). A review article to clarify the correlation between FC and histological activity in patients with UC (12 studies and 1,168 patients with UC) shows a clear correlation between FC levels and histology in all included studies; however, 11 different FC calprotectin cutoff points were identified to distinguish histological remission from histological activity, ranging from 40.5 to 250 μg/g (42). In a study of 68 patients with UC, an FC level of ≤ 60 μg/g predicted deeper remission (defined as PRO2 = 0; MES = 0 and Nancy ≤ 1) (area under the curve = 0.91, sensitivity of 83%, and specificity of 90%) (43). Magro et al. (44) evaluated the association between histological scores and the FC levels (n = 377 UC) and concluded that the establishment of an FC cutoff value is not as straightforward, with sensitivity and specificity values varying within the same range for thresholds between 150 and 250 μg/g.

In summary, an accurate FC cutoff value for endoscopic and histological remission has not yet been established, but regarding the practical application, an FC of <150 μg/g should be indicative of no inflammation in UC.



Histological target for disease clearance in UC

In a meta-analysis with 2,265 patients with ulcerative colitis in clinical remission, the benefit of the absence of histological activity as a predictor of clinical remission and preventing the development of complications in the course of the disease have been demonstrated (33). Thus, although there is agreement on the target of achieving endoscopic and clinical remission in patients with ulcerative colitis, histological remission is already an intended long-term goal in STRIDE-2 (7) for these patients. The ECCO Position Paper: Harmonization of approach to UC Histopathology has summarized the score systems and the definitions for the assessment of histological features in UC (45). Different scores are available for the assessment of UC inflammation/activity, although the Geboes score (GS) (46) is widely used, only the Robarts histopathology index (RHI) (47) and the Nancy index (NI) (48) have been formally validated. Even when the correlation between the histological scores is good (44, 49), the use of the Nancy index is recommended for observational studies or clinical practice. Histological activity is defined by neutrophil infiltration of epithelium and/or lamina propria; therefore, the minimum requirement for histological remission is the absence of intraepithelial neutrophils, erosions, and ulcerations and corresponds with GS ≤ 2.0, RHI ≤ 3, or NI = 0 (44, 49). Histological remission is superior to endoscopic and clinical remission in predicting clinical outcomes. In endoscopically quiescent UC (MES ≤ 1) (n = 66), active histological inflammation (GB > 3.2) was significantly associated with clinical relapse at 18 months (P = 0.0005) (44) and shorter time to clinical relapse (P = 0.0006) (50). Moreover, complete histological healing (GS = 0) is associated with reduced rates of clinical relapse after 24 months among patients with UC in endoscopic remission (MES ≤ 1) (12% vs. 50%, p < 0.001) (51). In a retrospective cohort (n = 270), patients with active UC treated-to-target of clinical remission, who achieve and maintain symptomatic remission and endoscopic remission (MES ≤ 1) over consecutive endoscopies (median, 19 months), have a low risk of relapse, particularly in a subset of patients who simultaneously achieve histological remission (NI = 0) (52). Endoscopic and histological evaluation to assess the disease remission should be performed by a complete (pancolonic) colonoscopy as shown in a prospective study (n = 325) checking three modes of endoscopic evaluation: “original,” “worst affected,” and “pancolonic” (53). During an extended follow-up (24 months) of UC patients with clearance disease (defined, among other variables, and by histological remission as Nancy = 0) (n = 109), a reduction in the risk of hospitalization and surgery (34) is observed. Recently, a case–control study including 45 patients with neoplasia (25 UC) and 353 controls establishes that histological activity (assessed by NI) was associated with an increased risk of colorectal neoplasia (per 1-unit increase, OR: 1.69; 95% CI: 1.29–2.21) (54).

In summary, histological activity in ulcerative colitis per se is associated with a worse outcome, thus, these patients should benefit from therapy modifications to obtain prolonged histological remission (GS ≤ 2.0 or NI = 0) and avoid disease progression.



Molecular target for disease clearance in UC

The transcriptional signature of “inflammation” present in the involved inflamed mucosa of patients with UC had been previously described (55–57) but few studies (58, 59) have been designed to characterize the mucosal signature in “remission or quiescent” colitis. Comparing colonic biopsies from healthy normal controls (total n = 29), active colitis (involved inflamed mucosa) (total n = 29), and quiescent colitis (involved non-inflamed mucosa) (total n = 22), these studies differentiate three patterns: (A) inflammatory (gene expression is similar between colitis in remission and mucosa with active inflammation); (B) healing (specific to colitis in remission including genes differentially expressed from active colitis and normal control samples); (C) restoration to normality (gene expression is similar between colitis in remission and normal control samples) (58, 59). The differentially expressed genes (DEG) differ slightly between both studies due to diverse methodology and no homogeneity in the variables (clinical, endoscopic, and histological) defining quiescent condition but ensuring no flare between 5 and 18 months in each study. Therefore, a compilation of genes is included, and as targets for disease clearance, by controlling the inflammation, improving colonic healing, and approaching mucosa normalization, we will focus on patterns B and C. The genes related to pattern B (healing), a specific transcriptional signature for UC in remission, increased expression of genes involved in O-glycosylation (MUC17, MUC3A, MUC5AC, MUC12, SPON1, and B3GNT3), several metallopeptidases (MMP1 and MMP3), neutrophil degranulation (CHI3L1), ephrin-mediated repulsion of cells (EFNB2E, EFNA3, EPHA10, and EPHA1), GAP junction trafficking (TUBA1C, TUBA4A, TUBB4B, GJB3, and CLTB), and decreased expression of several toll-like receptors (TLR1, TLR3, TLR5, and TLR6) were observed. The genes expressed in pattern C (restoring to normal) include those that transcribe cell death (NFKSIZ), cellular growth and proliferation (IL-1B and REG1B), cellular migration (IL-1B, IL-8, CXCL5, IL-7R, CXCL-1, and CXCL-3), inflammatory response (DEFB4, IGHR1/4, TOLLIP, SERPINB4, and DEFA5/6), and tissue morphology (MMP10, MMP7, MMP9, and VCAN) (58, 59). Recent studies have defined a molecular signature associated with the remission of ulcerative colitis. Higher expression of ALOX15 (related to eosinophil and mast cells metabolism) was linked to a higher likelihood of remission (56), but an increased risk for a future relapse was associated with higher expression of IL21, IL17F, and IL17A in MES 0/1 patients (60) as well as IL12 and IL23 (61). The molecular profile associated with endoscopic remission (MES ≤ 1) has been linked to increased expression of IFITM1, ITGB2, IL1R2, and IL2RA (62). Even the endoscopic remission (MES ≤ 1) is achieved, minimal inflammation may persist because of histological activity (the presence of neutrophils in the mucosa) and it is related to increased expression of multiple chemokines (CXCL9 and CXCL10), metalloproteinase-encoding genes (MMP7, MMP3, and MMP1), antimicrobial genes (SAA1, SAA2, and LCN2), and genes with a pathogenic role in colorectal carcinogenesis (WTN2, IL17, and DUOXA2) (63, 64).

In summary, the molecular signature of ulcerative colitis in remission continues to present a differential expression compared with healthy controls, which facilitates the development of flares and/or mucosal degeneration. The future design of a “flare predictor molecular profile” could be implemented in clinical practice to modify treatments in a personalized manner.



Discussion and suggestions

The disease clearance (DC) involves better healing of the inflamed intestinal mucosa in patients with UC. In this review, we have summarized the available data on the features that are required for this healing: clinical, endoscopic, biological, histological, and molecular remission (in future).

The DC may be achieved when the patient presents normalization of the stool frequency, without traces of blood in stool, with endoscopic remission [without macroscopic inflammation in endoscopy (MES = 0)], reduction of fecal calprotectin (<150 μg/g), histological remission (absence of neutrophil infiltrate in the biopsies of the affected mucosa (GS ≤ 2 or NI = 0), and showing a healing/normalization profile in the molecular study of the biopsies (Figure 1). These rigorous criteria of DC should ensure a better outcome and avoid the progression of UC; therefore, a clinical situation that does not include and combine these goals could not be considered as DC.
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FIGURE 1
Proposal for disease clearance (DC) in ulcerative colitis (UC). A deep and complete UC remission achieving symptomatic remission, biological remission, mucosal healing (endoscopic and histological remission), and evolving (in future) to molecular healing with the restoration of specific molecular pathways involved in the etiopathogenesis of ulcerative colitis. PRO2, patient’s reported outcome-2; QoL, quality of life; MES, Mayo endoscopic score; FC, fecal calprotectin; NI, Nancy index; GS, Geboes score.


Individually, patients that achieve clinical remission or FC normalization or complete mucosal healing will have a better clinical course of the disease, with fewer flares and complications. The study of a combination of all of them is a real challenge in UC, including also histological healing. The STRIDE-2 includes the goals of clinical and endoscopic remission, in addition to the reduction of FC, as short-term and medium-term in the evaluation of response to treatment. However, it still indicates histological remission as desirable, probably because it requires a biopsy (sampling), which limits its incorporation into routine clinical practice.

To achieve better control of intestinal inflammation, avoid relapse and hospital admissions, avoid the need for colectomy, and decrease the risk of CRC, we should try to incorporate this DC condition into the following years, trying to be able to demonstrate that if all these objectives are achieved in a patient, perhaps we could change the natural history of patients with UC.
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