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Editorial on the Research Topic
 Recent advances and new biomarkers in ulcerative colitis




Recent advances in our understanding of ulcerative colitis (UC), one of the two major types of inflammatory bowel disease (IBD), have led to the identification of new biomarkers that may aid in the diagnosis, prognosis prediction, and treatment of this chronic inflammatory condition. Although biomarkers are objective measures of disease activity or response to therapy, it is still a long process to fully use them to guide clinical decision-making. In this editorial, we discuss papers published in the current Research Topic that demonstrate evidence for new biomarkers utilized in experimental UC and patient management.

Experimentally induced models of colitis remain a vital part of the UC research. Yu et al. investigated the GB1a active component of Garcinia Kola nuts as a therapeutic agent for ameliorating experimental UC. They have emphasized the need for biomarkers in the pathways involved in UC pathogenesis, such as NF-κB and Nrf2 signaling pathways. Furthermore, by evaluating the inflammation and oxidative stress through the expression of TNFa-induced inflammatory genes, they suggested that GB1a may regulate inflammation, oxidative stress and permeability (Yu et al.).

One of the most exciting recent advances in UC has been identifying new genetic risk factors for the disease. Genome-wide association studies (GWAS) have identified over 240 genetic loci associated with UC, many of which are involved in the immune response. These genetic findings have led to a better understanding of the underlying pathogenesis of UC. However, the heterogeneity of UC, in terms of disease severity and response to therapy, makes the application of biomarkers very challenging. While some patients have mild diseases that can be easily controlled with medication, others may have severe, refractory diseases requiring more aggressive treatment. Biomarkers that are reliable indicators of disease severity and response to therapy in one patient may not be as reliable in another. One of the most considerable advances is gene signature profiling for predicting- therapy responses in UC and other diseases. Feng et al. demonstrated that an artificial neural network may be used for development of combination random forest to predict primary non-response to infliximab. This study is significant for establishing the role of machine learning in constructing predictive models for therapy responses based on the molecular prognostic score system.

In addition to genetic markers, several new serum and fecal biomarkers have been identified in UC. Serum biomarkers such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) have long been used to monitor disease activity in UC. However, these markers are not specific to UC and can be elevated in various inflammatory conditions. More recently, novel fecal markers (such as calprotectin, lactoferrin) have shown promise as more specific markers of UC activity. The role of fecal calprotectin was confirmed in 143 patients with UC by Chen et al., establishing a level of 164 μg/g as the level with 85.42% sensitivity and 73.68% specificity in predicting clinically active disease and mucosal healing at 154.5 μg/g with a sensitivity of 72.34% and specificity of 85.71%. Other fecal biomarkers such as M2-PK, and S100A12 have also shown promise as markers of UC activity but are less investigated. Shi et al. presented evidence from published systematic reviews and meta-analyses in their umbrella review. Markers, such as anti-neutrophil cytoplasmic antibodies, anti-neutrophil cytoplasmic antibodies, and imaging techniques (i.e., ultrasound and magnetic resonance enterography) validated their role for assessing disease activity (Shi et al.). This is also valid for other promising markers, such as trefoil factor 3 (1), which correlates with disease activity and predicts complete mucosal healing. Mucosal healing could be predicted by assessing mucosal vascular patterns under special imaging endoscopy called narrow-band. He et al. demonstrated that narrow-band imaging endoscopic staging of mucosal vascular patterns could predict histological healing and clinical recurrence of UC.

Less employed are the biomarkers in other biologic samples, such as urine. However, Gunawan et al. showed that urinary chemerin is a promising non-invasive marker for monitoring UC severity and clinical course. Other bright research fields not covered in current state-of-the-art papers collection are gut microbiome biomarkers.

Prediction of therapy response is one of the ultimate goals when discussing the effectiveness and safety of biological therapy for UC. As Zhou et al. showed in 146 patients with UC, the novel biomarker, the neutrophil-to-albumin ratio, was positively associated with the disease activity. Moreover, this ratio could discriminate initial responders to primary non-responders to infliximab induction therapy. Thus, it could be employed in diagnosing, monitoring and predicting treatment efficacy in UC patients (Zhou et al.).

In their systematic review and meta-analysis, Szemes et al. shed light on evaluating the long-term outcomes of cyclosporin and infliximab in steroid-refractory UC patients. Since they did find significant differences for colectomy-free survival in favor of infliximab in the first 3 years, no long-term differences were observed for severe adverse events or deaths. From all the 15 studies analyzed in the meta-analysis and 1,607 patients with steroid-refractory acute severe UC, authors did not find definitive evidence for any differences in cyclosporin and infliximab efficacy and safety in patients with severe acute UC (Szemes et al.).

The quality of life is part of UC patients' integrative management approach. Li et al. constructed a prediction model for IBD, focusing mainly on the factors that affect the quality of life, especially emotional function and systemic symptoms. Interestingly, annual household income, occupational stress and score on the IBD questionnaire were independent risk factors for UC recurrence.

In conclusion, recent advances in our understanding of UC have led to identifying new biomarkers that may aid in diagnose, prognosis prediction, and disease treatment. As our knowledge of the underlying pathogenesis of the heterogenous UC continues to evolve, we will need to address significant challenges such as low specificity, sensitivity and cost to extend the usefulness of new biomarkers in the clinical practice. Standardizing biomarker assays and developing clear guidelines will increase the reliability of these biomarkers. This requires validation in larger, multicenter studies, including a more diverse patient population.
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Background: In steroid-refractory acute severe ulcerative colitis (ASUC), cyclosporine (CYS) or infliximab (IFX) may be considered as a second-line alternative to avoid colectomy. There are short-term data reported, but until now, there is no meta-analysis regarding long-term outcomes of CYS and IFX in patients with ASUC.

Aim: To compare long-term efficacy and safety of CYS and IFX in a meta-analysis.

Methods: Three electronic databases (PubMed, Embase, Cochrane Central Register of Controlled Trials) were searched for studies which compared CYS vs. IFX in adults with ASUC. Long-term colectomy-free rate from 1 to 10 years during CYS or IFX therapy was collected, last updated up to 22nd May 2019. Primary outcome was long-term colectomy-free rate, secondary outcomes were adverse events (AE), serious adverse events (SAE), and mortality. Long-term colectomy-free survival and safety measures were pooled with the random-effect model. Odds ratios (OR) with 95% confidence intervals (CI) were calculated.

Results: Data from 1,607 patients in 15 trials were extracted. In the first 3 years, pooled OR for colectomy-free survival was higher with IFX than with CYS (OR = 1.59, 95% CI: 1.11–2.29, p = 0.012; OR = 1.57, 95% CI: 1.14–2.18, p = 0.006; and OR = 1.75, 95% CI: 1.08–2.84, p = 0.024; at 1, 2, and 3 years, respectively). However, the significant difference remained undetected from the fourth year of follow-up and in subgroup of RCTs (OR = 1.35, 95% CI: 0.90–2.01, p = 0.143; OR = 1.41, 95% CI: 0.94–2.12, p = 0.096; and OR = 1.34, 95% CI: 0.89–2.00, p = 0.157; at 1, 2, and 3 years, respectively). No significant difference was detected regarding adverse events, serious adverse events and mortality between the groups. The neutral associations proved to be underpowered with trial sequential analysis.

Conclusion: However observational studies show IFX as a better choice, according to the RCTs, choosing either CYS or IFX as rescue therapy for ASUC, the long-term outcomes are not different, although further large RCTs are warranted.

Keywords: steroid-refractory, ulcerative colitis, cyclosporine, infliximab, colectomy, meta-analysis


INTRODUCTION

Ulcerative colitis (UC) is a lifelong inflammatory bowel disease that causes a continuous mucosal inflammation of the colon and occurs periodically in patients' life. Acute severe ulcerative colitis (ASUC) is a life-threatening condition which requires hospitalization and occurs in about 25% of patients with UC (1). ASUC is defined as patients with bloody diarrhea ≥6/day and any signs of systemic toxicity [pulse > 90/min, temperature > 37.8°C, hemoglobin < 105 g/l, erythrocyte sedimentation rate (ESR) > 30 mm/h, or C-reactive protein (CRP) > 30 mg/l] (2). In the case of ASUC, intravenous (IV) corticosteroids are the mainstay of first-line treatment, but up to 40% of the cases are resistant to this therapeutic modality (3). In steroid-refractory cases, second-line therapy is advised to be introduced to avoid colectomy. Cyclosporine (CYS) and infliximab (IFX) are widely used as rescue therapies.


Rationale

CYS is a calcineurin and cytochrome P450 inhibitor immunosuppressant blocking the transcription of cytokine genes (interleukin-2 and−4) in activated T cells, thereby reducing the inflammation in the intestine (4). In the 1990s, CYS was the first drug introduced as salvage therapy in steroid-refractory ASUC (5). In general, following 2 mg/kg/day IV CYS, 5 mg/kg oral CYS is recommended for up to 3 months as a bridge to an immunosuppressive agent [azathioprine (AZA) or 6-mercaptopurine (6-MP)] (6). Despite the fast response within 4–7 days and the reliable short-term effectiveness during CYS therapy, significant side effects may occur (7, 8). A close drug-level monitoring of CYS is required to avoid opportunistic infections, renal, vascular and neurological toxicity (9).

In the past 15 years, IFX, a chimeric IgG1 monoclonal antibody designed to bind tumor necrosis factor-alpha (TNFα) has become an alternative second-line therapeutic option in steroid-refractory ASUC (10). Regularly, a standard induction regimen of 5 mg/kg IFX is used, although recently accelerated dose intensification with 10 mg/kg IFX is often applied as well to counteract the increased intestinal clearance of IFX in ASUC (11). However, there is no data to support the benefit of 10 mg/kg. During IFX-linked immunosuppression, opportunistic infections, reactivation on latent tuberculosis or hepatitis may occur; therefore, careful screening is recommended before the initiation of IFX.



Objectives and Research Question

In the treatment of steroid-refractory ASUC, two randomized controlled trials (RCTs) demonstrated equal short-term efficacy and safety of IFX and CYS (CYSIF, CONSTRUCT) (12, 13). These results were opposed by a previous meta-analysis of observational studies, where IFX was associated with significantly higher rates of treatment response and a lower 12 months colectomy-rate compared to that with CYS (14). A lately reported network meta-analysis with benefit-risk analysis also suggested that there is a rank order of efficacy for colectomy-free rates favoring IFX over CYS, although the difference between the treatments was small (15).

Since new studies have been released and long-term survival data have become available. Therefore, we aimed to summarize the currently available evidence on the long-term efficacy and safety of IFX and CYS in steroid-refractory ASUC.




METHODS


Study Design, Participants, Interventions, and Comparators

This meta-analysis was reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement (Supplementary Table 1) (16). The protocol for this study was registered in the International Prospective Register of Systematic Reviews (PROSPERO) a priori under number CRD42018115035.



Search Strategy

We searched MEDLINE via PubMed (http://www.ncbi.nlm.nih.gov/pubmed), Embase (https://www.embase.com) and Cochrane Central Register of Controlled Trials (CENTRAL) (http://www.cochranelibrary.com) databases from inception up to 22nd May 2019.

Our search followed the PICO concept. Studies discussed a population (P) of patients with steroid-refractory ASUC who received IFX (I) or CYS (C) as salvage therapy. The primary outcome (O) was long-term colectomy-free survival rate, defined as the follow-up period exceeding 12 months after therapy initiation. Secondary outcomes were adverse events (AE), serious adverse events (SAE) and mortality. AE and SAE were categorized in accordance with the definitions of the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human use—Good Clinical Practice (ICH-GCP) consensus guidelines (17).

The following query combining Medical Subject Headings (MeSH) and free text terms were used'. (“colitis, ulcerative”[MeSH Terms] OR (“colitis”[All Fields] AND “ulcerative”[All Fields]) OR “ulcerative colitis”[All Fields] OR (“ulcerative”[All Fields] AND “colitis”[All Fields])) AND (“infliximab”[MeSH Terms] OR “infliximab”[All Fields]) AND (“cyclosporine”[MeSH Terms] OR “cyclosporine”[All Fields] OR “cyclosporin”[All Fields]) AND (“colectomy”[MeSH Terms] OR “colectomy”[All Fields]). We imposed only “English-language” and “human” filters on the search.



Study Selection

After the database search, one author (KS) removed the overlapping records using a reference management software (EndNote X8, Clarivate Analytics, Philadelphia, PA, USA). Two investigators (KS and PS) independently screened titles, abstracts, and full-texts against the predefined eligibility criteria. Consensus involving a third party (PH) resolved discrepancies in each phase of selection.

We included any controlled studies (observational or experimental) that met the following criteria: (a) adult ASUC patients (aged ≥18 years) being refractory to IV or oral steroid treatment; (b) CYS and IFX was used as salvage therapy after 3–7 days of steroid treatment; (c) colectomy-free survival rate was assessed at 12 months or later; and (d) cytomegalovirus infection was not verified in the patients. There was no restriction for additional drugs used in UC treatment (e.g., AZA, 6-MP or methotrexate).



Data Extraction, Quality Assessment

The following data were extracted from each study (Table 1): first author, year of publication, study type (prospective/retrospective; randomized/non-randomized), drug regimen, the number of patients, age, gender distribution, rate of extensive colitis, concomitant, and maintenance therapy, follow-up period and the definition of ASUC. Intention-to-treat data were extracted from RCTs. If numerical data on long-term colectomy-free survival were not reported (13, 23, 26, 31), we extracted data from the Kaplan-Meier curves by identifying the values on the axes “x” and “y” with a software [GetData Graph Digitizer] according to the method proposed by Guyot et al. (32). Data collection was accomplished by two authors independently (KS and PS). Discrepancies were resolved by consensus. In the case of any disagreement, a third author was involved to resolve conflicts (PH).


Table 1. Study characteristics.

[image: Table 1]

We assessed the risk of bias of observational studies using the Newcastle-Ottawa scale (NOS) (Table 2) (33). There is a reliable “star system” that has three broad perspectives to secure a simple tool for quality assessment: selection and comparability of the groups, and the ascertainment of the outcome. The quality of the included RCTs was assessed with the Cochrane Risk of Bias Tool along seven domains (34). After the assessment, low, high and unclear risks of bias were indicated with green, red and yellow symbols.


Table 2. Modified Newcastle-Ottawa Scale.
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Data Analysis

Data on colectomy-free survival were extracted with IFX and CYS. Odds ratios (ORs) were calculated with 95% confidence intervals using the random effects model with the DerSimonian–Laird estimation (35). Results of the meta-analysis were displayed graphically using Forest plots. All analyses were two-tailed and p < 0.05 was considered as significant.

Subgroup analyses were performed to examine different effects in a 10 years interval. We carried out subgroup analyses only for the first 4 years based on the study design because data from RCTs were lacking for longer follow-up. Heterogeneity was tested by using the Cochrane's Q and the I2 statistics, where I2 = 100% × (Q – df)/Q and represents the magnitude of the heterogeneity (moderate: 30–60%, substantial: 50–90%, considerable: 75–100%) (34). All meta-analytical calculations were performed with Stata 15.1 data analysis and statistical software (Stata Corp LLC, College Station, TX, USA).



Trial Sequential Analysis

Trial sequential analysis (TSA) was performed to assess the risk of type-I error and to estimate the required information size for an adequate statistical power if only RCTs were included (36). TSA was interpreted with an overall five percent of risk of type-I error (α = 0.05) and with a power of 80% (Figures 1–3). Crossing of the constructed cumulative Z-curves (blue) and the two-sided Z = 1.96 provides a traditionally significant result. To obtain reliable evidence, crossing of the trial sequential monitoring boundaries (red) is needed. We conducted TSA using Trial Sequential Analysis software 0.9 (Copenhagen Trials Unit, Denmark).


[image: Figure 1]
FIGURE 1. Results of the trial sequential analysis of the risks of 1 year colectomy-free rate. The required sample size of 1,502 patients was estimated using α = 0.05 (two-sided) and ß = 0.02 (power of 80%). Crossing of the constructed cumulative Z-curves (blue) and the two-sided Z = 1.96 provides a traditionally significant result. To obtain reliable evidence, crossing of the trial sequential monitoring boundaries (red) is needed. In the case of 1 year colectomy-free rate outcome, the cumulative Z-curve (blue) did not crossed the conventional boundary and neither the trial sequential monitoring boundary nor the required sample size line was surpassed.



[image: Figure 2]
FIGURE 2. Results of the trial sequential analysis of the risks of adverse events. The required sample size was calculated with α = 0.05 (two-sided) and ß = 0.02 (power of 80%). Although cumulative Z-curve (blue) reached the conventional boundary, it did not cross through. Number of participants (385) did not reach the information size (749) and the cumulative Z-curve does not cross the monitoring boundary either.



[image: Figure 3]
FIGURE 3. Results of the trial sequential analysis of the risks of serious adverse events. The required sample size was calculated using α = 0.05 (two-sided) and ß = 0.02 (power of 80%). The cumulative Z-curve (blue) did not cross the monitoring boundary (red) and not reached the required information size (4,325 patients). There is insufficient information about the evidence of significance.




Quality of Evidence

The GRADE system was constructed for the assessment of the quality of the evidence for the main outcomes in a review (37). The rating extends from very low to high quality, wherein RCTs starting from a high, non-randomized studies starting from a low quality of evidence. After the assessment of study design, outcomes were tested against five criteria including risk of bias, inconsistency, indirectness, imprecision and publication bias. Finally, the overall quality of the evidence for each outcome was graded as high, moderate, low or very low. Grading was performed independently by two of the authors (KS and PS) and disagreements were discussed by involving a third party (AE).




RESULTS


Search Results

A total of 731 records were identified from the databases with our systematic search strategy (121 records in PubMed, 597 ones in EMBASE and 13 ones in CENTRAL) (as shown in the PRISMA flow diagram; Figure 4). Two additional articles were found from the reference lists of the included studies (19, 38). After the removal of duplicates, 594 records remained, 565 of which were excluded by titles and abstracts. The remaining 29 articles were assessed for eligibility by full-text and further 10 studies were excluded due to the following reasons: three studies reported only short-term follow-up data (39–41), one study did not report on the timing and rate of colectomy (38) and two studies were uncontrolled (42, 43). In two studies, the number of patients treated with CYS and IFX was not reported (44, 45), one study included patients pre-treated with either CYS or IFX (46) and one study evaluated patients with Crohn's colitis (47). Nineteen studies remained, but four additional studies were excluded from the quantitative synthesis because they investigated overlapping study population (12, 48–50). Thus, 15 studies fulfilled all inclusion criteria and were included in the meta-analysis.


[image: Figure 4]
FIGURE 4. PRISMA flowchart.




Characteristics of the Studies Included

The main characteristics of the included studies are listed in Table 1. The studies were published between 2004 and 2018 and the follow-up period ranged at least from 1 year to maximum of 10 years. In the quantitative analysis, we used data from three RCTs (13, 18, 19) and 12 cohort studies (20–31). A total number of 1,607 patients with steroid-refractory ASUC were included, 879 of which (54.7%) were treated with CYS and the other 728 (45.3%) with IFX. The most common definitions of ASUC used in the studies were the Truelove and Witts criteria, the Mayo and the Lichtiger scores (7, 51, 52). Three of the 15 articles were published only in conference abstract form (19, 29, 31).

In most of the studies, the standard 2 mg/kg/day IV CYS regimen was applied, oral CYS was used for induction of remission only in two studies (19, 21). After the oral CYS bridging, AZA maintenance therapy was continued in all studies. Standard 5 mg/kg dose of IFX was administered in multiple IV infusions (at 0, 2, and 6 weeks) following the induction protocol. Only two studies reported a single infusion of IFX (20, 30). In the IFX treatment groups, AZA was the most commonly administered maintenance drug, albeit recent studies continued IFX (13, 23, 24, 26, 28). Due to the lack of available safety data during long-term follow-up in an RCT, the CYSIF trial (18), AE and SAE results reported in the original study were used in the meta-analysis (12).



Long-Term Colectomy-Free Survival

Fifteen, eight, five, and one studies reported 1, 3, 5, and 10 years colectomy-free survival rate. In the first 3 years, colectomy-free survival rate was higher with IFX compared to that with CYS (OR = 1.59, 95% CI: 1.11 −2.29, p = 0.012 for 1 year; OR = 1.57, 95% CI: 1.14–2.18, p = 0.006 for 2 years; and OR = 1.75, 95% CI: 1.08–2.84, p = 0.024 for 3 years), with moderate heterogeneity across the studies (I2 = 44.3%, p = 0.033; I2 = 0.0%, p = 0.74, and I2 = 42.6%, p = 0.093, respectively) (Figure 5). From the fourth year of follow-up, no significant difference regarding the colectomy-free rates was found between the two treatment groups (Figure 6). At 9 and 10 years of follow-up, only one small, retrospective study remained in the analysis, where the colectomy-free survival was higher with IFX compared to that with CYS (31).
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FIGURE 5. Odds ratios of colectomy-free survival with infliximab (vs. cyclosporine) in the first, second, and third year in steroid-refractory acute severe ulcerative colitis.
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FIGURE 6. Odds ratios of colectomy-free survival with infliximab (vs. cyclosporine) between the fourth and tenth year in steroid-refractory acute severe ulcerative colitis.


However, separating the data of RCTs revealed that the significant association can only be seen if observational studies are included (ORs for observational studies = 1.84, 95% CI: 1.13–3.01, p = 0.015 in the first year; OR = 1.91, 95% CI: 1.11–3.28, p = 0.020 in the second year; and OR = 2.23, 95% CI: 1.00–4.96, p = 0.049 in the third year; ORs for RCTs = 1.35, 95% CI: 0.90–2.01, p = 0.143 in the first year; OR = 1.41, 95% CI: 0.94–2.12, p = 0.096 in the second year; and OR = 1.34, 95% CI: 0.89–2.00, p = 0.157 in the third year) (Figure 5). The heterogeneity remained substantial in the analysis from observational studies but was negligible if RCTs were included exclusively (in the first year I2 = 52.6%, p = 0.016 and I2 = 0.0%, p = 0.466, respectively). TSA indicated that the analysis on colectomy-free survival at 1 year was underpowered, since the monitoring boundaries were not crossed, and the required information size was not reached (Figure 1). According to TSA, at least 1,502 patients would be required for drawing final conclusion while only 416 patients were included in the current analysis.

Based on our strict and consistent grading, the quality of the evidence for colectomy-free survival rates at 1, 3, 5, and 10 years proved to be low for the subgroups of RCTs and very low if non-randomized studies were included as well (Table 3).


Table 3. Investigation of quality of the evidence for all included outcomes (GRADE).
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Safety

Seven studies assessed AE (Figure 7) (12, 13, 20, 22, 25, 28, 30). Sixty-seven (18.1%) AEs were reported with CYS and 72 (18.9%) with IFX. The pooled OR of AEs was 0.93 (95% CI: 0.45–1.92, p = 0.847), demonstrating no significant difference between groups (Figure 7).
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FIGURE 7. Odds ratios of studies evaluating adverse events, serious adverse events, and mortality during infliximab treatment compared to the cyclosporine group in steroid-refractory acute severe ulcerative colitis.


The cumulative Z-curve of the risk of AE during TSA reached but not crossed the conventional boundary (Figure 2). The number of participants included (n = 385) did not reach the required information size (n = 749), the cumulative Z-curve does not cross the monitoring boundary either.

Eight studies reported on SAE, such as opportunistic infections, sepsis, anaphylactic reaction and hepato- and nephrotoxicity (Figure 7) (12, 13, 19, 21, 24, 26–28). One hundred and three (15.5%) SAEs were reported with CYS and 72 (15.3%) with IFX. Rate of SAE was not elevated with IFX compared to that with CYS (OR = 1.27, 95% CI: 0.86–1.89, p = 0.236); although in the subgroup analysis of observational studies (21, 24, 26–28), IFX was associated with a higher SAE rate (OR = 1.80, 95% CI: 1.17–2.79, p = 0.008). However, in the three RCTs (13, 18, 19), no statistically significant difference could be detected between the two groups (OR = 0.81, 95% CI: 0.47–1.41, p = 0.461), data proved to be homogeneous (I2 = 0.0%, p = 0.712; I2 = 0.0%, p = 0.781, and I2 = 7.2%, p = 0.374 for observational and randomized studies and overall, respectively).

TSA of SAE showed that the number of patients in the analysis of RCTs did not reach the required information size and the cumulative Z-curve did not cross the monitoring boundary (Figure 3).

There was also no significant difference between treatment groups regarding mortality (OR: 0.79, 95% CI: 0.26–2.38, p = 0.678; I2 = 0.0%, p = 0.411) (Figure 7) (13, 18, 19, 27, 28).

The GRADE assessment of safety outcomes (AE, SAE, and mortality) showed low quality of evidence for the analyses of RCTs and very low quality of evidence for that of non-randomized studies (Table 3).



Risk of Bias Assessment

Assessments of the risk of bias of the included studies are shown in Figure 8. In the observational studies, the representativeness of the exposed and the selection of the non-exposed cohort was judged to be at high risk in multiple studies (23, 28, 30). In the studies of Daperno, Protic, and Radojcic, no comparison was performed between groups regarding age, sex, and extent of disease (21, 28, 29).


[image: Figure 8]
FIGURE 8. Risk of bias in (A) RCTs and in (B) non-randomized studies.


Among the RCTs, the studies of Williams and Laharie carried the lowest risk of bias (13, 18). As they were open trials, participants and personnel were not blinded; however, in the study of Williams, outcome assessment remained blinded. Because the study of Scimeca et al., was only published in a conference abstract form, almost all domains were judged as carrying “unclear” risk of bias (19).




DISCUSSION


Summary of Main Findings

ASUC is a medical emergency and should be managed in high-volume tertiary centers with a multidisciplinary approach. In patients failing to respond to parenteral corticosteroids, medical rescue therapy including CYS or IFX is needed. Recently, a meta-analysis has covered the short-term efficacy of the two drugs in treatment response and 12 months colectomy rates but failed to discuss long-term outcomes (14).

In our meta-analysis, we collected RCTs and observational studies to perform long-term statistics focusing on colectomy-free survival rates and drug safety. Our combined data from all the studies showed that there was a significantly higher colectomy-free survival rate with IFX compared to that with CYS. This difference was only seen within the first 3 years after rescue therapy was initiated and it disappeared after the fourth year of follow-up. Additionally, we performed a subgroup analysis by study design to reveal selection bias when comparing RCTs and observational studies. Higher colectomy-free survival was found in observational studies with IFX but not in RCTs. It should be noted that the level of heterogeneity was moderate to substantial in the analysis from observational studies whilst data from RCTs were homogenous. When evaluating safety outcomes, no significant difference was detected between CYS and IFX treatment groups regarding AE, SAE, and mortality. The neutral association calculated from RCTs proved to be underpowered (indicated by TSA) and therefore insufficient to draw a final conclusion (36).

During ASUC treatment, early identification of steroid refractoriness and early introduction of rescue treatments are crucial to avoid morbidity and mortality. A variety of risk prediction tools have been developed to identify patients with ASUC being suitable for second-line medical therapy, these tools are used in clinical practice (such as the Oxford criteria and the Ho index) (53, 54). In a retrospective study, older age, severe endoscopic lesions, high CRP, low albumin levels and low serum IFX levels were identified as predictors of IFX failure in ASUC (30). Due to increased intestinal loss of IFX in ASUC, the serum IFX levels could be decreased; therefore, a modified IFX induction strategy can be considered (55). However, the results of other studies have opposed this association. Dose optimization based on IFX drug level monitoring may result in better patient outcomes (56, 57). In a retrospective study and meta-analysis, no association was found between accelerated IFX induction therapy and lower rates of colectomy in patients with ASUC, compared to standard induction therapy (58). The benefit of intensified induction regimen, i.e., shorter dosing intervals and/or higher doses of IFX is still not proven.



Limitations and Strengths

However, we are aware that our findings suffer from several limitations. First, most of the studies were non-randomized, retrospective studies, and the number of RCTs was low. Second, the use of maintenance therapy after the initial response was not uniform in all studies and must have contributed to the variation in the long-term outcomes. Third, the definitions of AE and SAE were often mixed together and were unclear in the reports; therefore, an internationally accepted guide has been adopted (17). Fourth, in two RCTs (13, 18), there is switch reported in some cases between CYS and IFX or IFX and CYS as third-line rescue therapy. The switch was necessary to avoid colectomy and achieve clinical remission. However, this can cause a difficulty defining the effect of the drug and may affect the long-term outcome.

We deviated from the PROSPERO protocol regarding an important point. Originally, the primary outcome was planned to be the 5 years colectomy-free survival. However, we thought that investigating the same outcome at multiple time points may improve the clinical yield of!!break the results.

Last, conference abstracts with limited information were also included in the meta-analysis, containing a high amount of unclear information and an increasing possibility of risk of bias.

There are several strengths of our meta-analysis that worth being highlighted. Altogether, a high number of patients with ASUC was investigated. Our meta-analysis is the first reporting more than 1 year colectomy free-survival rates with a high number of studies providing even seven or 10 years of colectomy-free survival data. Another strength of our meta-analysis is that the certainty of the evidence was examined for all outcomes according to the GRADE approach (37). Moreover, TSA was used to test whether the analyses are sufficiently powered; therefore, can be considered conclusive.




CONCLUSIONS

In summary, our meta-analysis has shown that there is no definitive evidence for any difference regarding long-term efficacy and safety between CYS and IFX in patients with steroid-refractory ASUC based on RCTs. Considering second-line treatment options in ASUC, the choice of drug depends on several factors other than efficacy and safety. Since the introduction of IFX, as rescue therapy for ASUC and a proxy for CYS, the length of hospital stay and in-hospital costs have been reduced significantly (59). On the other hand, the total costs up to 3 months after initiation of rescue therapy were significantly higher in the IFX group (59). However, since 2013 lower-cost IFX biosimilars are available, which may result in large cost savings in the future. In addition to safety and efficacy, other components of evidence-based medicine, such as the experience of treating physicians and patient preferences, should also be highlighted. In thiopurine-naïve patients, CYS can be preferred as a bridge to thiopurine maintenance treatment. IFX is a reasonable option for patients who have previously failed thiopurine maintenance therapy. Results of TSA and the lack of high-quality evidence in our meta-analysis highlight that further large RCTs are warranted to decide which therapy is the preferable rescue therapy in ASUC.



DATA AVAILABILITY STATEMENT

The datasets analyzed in this article are not publicly available. Requests to access the datasets should be directed to KS, szemesk@gmail.com.



AUTHOR CONTRIBUTIONS

PS and KS designed the research. PS, KS, NF, and AS performed the research and statistical analyses, analyzed and interpreted the data. KS and PS wrote the article. BE, EM, KM, AE, and ZS made the critical revisions related to important intellectual content of the manuscript. PS and PH gave the final approval of the version of the article to be published.



FUNDING

This study was supported by the Economic Development and Innovation Operative Programme Grant (GINOP 2.3.2-15-2016-00048) and the Grant of the Hungarian Science Foundation (FK 132834).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2019.00338/full#supplementary-material



ABBREVIATIONS

AE, adverse events; ASUC, acute severe ulcerative colitis; AZA, azathioprine; CRP, C-reactive protein; CYS, cyclosporine; ESR, erythrocyte sedimentation rate; IFX, infliximab; IV, intravenous; OR, odds ratio; RCT, randomized controlled trial; SAE, serious adverse events; TNFα, tumor necrosis factor-alpha; TSA, trial sequential analysis; UC, ulcerative colitis.



REFERENCES

 1. Dinesen LC, Walsh AJ, Protic MN, Heap G, Cummings F, Warren BF, et al. The pattern and outcome of acute severe colitis. J Crohns Colitis. (2010) 4:431–7. doi: 10.1016/j.crohns.2010.02.001

 2. Harbord M, Eliakim R, Bettenworth D, Karmiris K, Katsanos K, Kopylov U, et al. Third European evidence-based consensus on diagnosis and management of ulcerative colitis. part 2: current management. J Crohns Colitis. (2017) 11:769–84. doi: 10.1093/ecco-jcc/jjx009

 3. Jarnerot G, Rolny P, Sandberg-Gertzen H. Intensive intravenous treatment of ulcerative colitis. Gastroenterology. (1985) 89:1005–13. doi: 10.1016/0016-5085(85)90201-X

 4. Herold KC, Lancki DW, Moldwin RL, Fitch FW. Immunosuppressive effects of cyclosporin A on cloned T cells. J Immunol. (1986) 136:1315–21.

 5. Lichtiger S, Daniel H. Preliminary report: cyclosporin in treatment of severe active ulcerative colitis. Lancet. (1990) 336:16–9. doi: 10.1016/0140-6736(90)91521-B

 6. Dulai PS, Jairath V. Acute severe ulcerative colitis: latest evidence and therapeutic implications. Ther Adv Chronic Dis. (2018) 9:65–72. doi: 10.1177/2040622317742095

 7. Lichtiger S, Present DH, Kornbluth A, Gelernt I, Bauer J, Galler G, et al. Cyclosporine in severe ulcerative colitis refractory to steroid therapy. N Engl J Med. (1994) 330:1841–5. doi: 10.1056/NEJM199406303302601

 8. Rolny P, Vatn M. Cyclosporine in patients with severe steroid refractory ulcerative colitis in the era of infliximab. Review article Scand J Gastroenterol. (2013) 48:131–5. doi: 10.3109/00365521.2012.733954

 9. Lee J. Use of antioxidants to prevent cyclosporine a toxicity. Toxicol Res. (2010) 26:163–70. doi: 10.5487/TR.2010.26.3.163

 10. Jarnerot G, Hertervig E, Friis-Liby I, Blomquist L, Karlen P, Granno C, et al. Infliximab as rescue therapy in severe to moderately severe ulcerative colitis: a randomized, placebo-controlled study. Gastroenterology. (2005) 128:1805–11. doi: 10.1053/j.gastro.2005.03.003

 11. Brandse JF, Mathot RA, van der Kleij D, Rispens T, Ashruf Y, Jansen JM, et al. Pharmacokinetic features and presence of antidrug antibodies associate with response to infliximab induction therapy in patients with moderate to severe ulcerative colitis. Clin Gastroenterol Hepatol. (2016) 14:251–8.e1–2. doi: 10.1016/j.cgh.2015.10.029

 12. Laharie D, Bourreille A, Branche J, Allez M, Bouhnik Y, Filippi J, et al. Ciclosporin versus infliximab in patients with severe ulcerative colitis refractory to intravenous steroids: a parallel, open-label randomised controlled trial. Lancet. (2012) 380:1909–15. doi: 10.1016/S0140-6736(12)61084-8

 13. Williams JG, Alam MF, Alrubaiy L, Clement C, Cohen D, Grey M, et al. Comparison of iNfliximab and ciclosporin in STeroid resistant ulcerative colitis: pragmatic randomised trial and economic evaluation (CONSTRUCT). Health Technol Assess. (2016) 20:1–320. doi: 10.3310/hta20440

 14. Narula N, Marshall JK, Colombel JF, Leontiadis GI, Williams JG, Muqtadir Z, et al. Systematic review and meta-analysis: infliximab or cyclosporine as rescue therapy in patients with severe ulcerative colitis refractory to steroids. Am J Gastroenterol. (2016) 111:477–91. doi: 10.1038/ajg.2016.7

 15. Komaki Y, Komaki F, Micic D, Yamada A, Suzuki Y, Sakuraba A. Pharmacologic therapies for severe steroid refractory hospitalized ulcerative colitis: a network meta-analysis. J Gastroenterol Hepatol. (2017) 32:1143–51. doi: 10.1111/jgh.13674

 16. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Int J Surg. (2010) 8:336–41. doi: 10.1016/j.ijsu.2010.02.007

 17. ICH. Guideline for good clinical practice E6 (R2). In: The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH). (2019). Available online at: https://www.ich.org/products/guidelines/efficacy/article/efficacy-guidelines.html (accessed May 5, 2019).

 18. Laharie D, Bourreille A, Branche J, Allez M, Bouhnik Y, Filippi J, et al. Long-term outcome of patients with steroid-refractory acute severe UC treated with ciclosporin or infliximab. Gut. (2018) 67:237–43. doi: 10.1136/gutjnl-2016-313060

 19. Scimeca D, Bossa F, Annese V, Biscaglia G, Caruso N. Infliximab vs oral cyclosporin in patients with severe ulcerative colitis refractory to intravenous steroids. A controlled, randomized study. United European Gastroenterology week. Gut. (2012) 61(Suppl. 3):A165.

 20. Croft A, Walsh A, Doecke J, Cooley R, Howlett M, Radford-Smith G. Outcomes of salvage therapy for steroid-refractory acute severe ulcerative colitis: ciclosporin vs. infliximab. Aliment Pharmacol Ther. (2013) 38:294–302. doi: 10.1111/apt.12375

 21. Daperno M, Sostegni R, Scaglione N, Ercole E, Rigazio C, Rocca R, et al. Outcome of a conservative approach in severe ulcerative colitis. Dig Liver Dis. (2004) 36:21–8. doi: 10.1016/j.dld.2003.04.001

 22. Dean KE, Hikaka J, Huakau JT, Walmsley RS. Infliximab or cyclosporine for acute severe ulcerative colitis: a retrospective analysis. J Gastroenterol Hepatol. (2012) 27:487–92. doi: 10.1111/j.1440-1746.2011.06958.x

 23. Duijvis NW, Ten Hove AS, Ponsioen CI, van den Brink GR, Buskens CJ, Bemelman WA, et al. Similar short- and long-term colectomy rates with ciclosporin and infliximab treatment in hospitalised ulcerative colitis patients. J Crohns Colitis. (2016) 10:821–7. doi: 10.1093/ecco-jcc/jjw031

 24. Kim EH, Kim DH, Park SJ, Hong SP, Kim TI, Kim WH, et al. Infliximab versus cyclosporine treatment for severe corticosteroid-refractory ulcerative colitis: a Korean, retrospective, single center study. Gut Liver. (2015) 9:601–6. doi: 10.5009/gnl14120

 25. Mocciaro F, Renna S, Orlando A, Rizzuto G, Sinagra E, Orlando E, et al. Cyclosporine or infliximab as rescue therapy in severe refractory ulcerative colitis: early and long-term data from a retrospective observational study. J Crohns Colitis. (2012) 6:681–6. doi: 10.1016/j.crohns.2011.11.021

 26. Naves JE, Llao J, Ruiz-Cerulla A, Romero C, Manosa M, Lobaton T, et al. Long-term comparative efficacy of cyclosporine- or infliximab-based strategies for the management of steroid-refractory ulcerative colitis attacks. Inflamm Bowel Dis. (2014) 20:1375–81. doi: 10.1097/MIB.0000000000000101

 27. Ordás I, Domènech E, Mañosa M, García-Sánchez V, Iglesias-Flores E, Peñalva M, et al. Long-term efficacy and safety of cyclosporine in a cohort of steroid-refractory acute severe ulcerative colitis patients from the ENEIDA registry (1989–2013): a nationwide multicenter study. Am J Gastroenterol. (2017) 112:1709–18. doi: 10.1038/ajg.2017.180

 28. Protic M, Seibold F, Schoepfer A, Radojicic Z, Juillerat P, Bojic D, et al. The effectiveness and safety of rescue treatments in 108 patients with steroid-refractory ulcerative colitis with sequential rescue therapies in a subgroup of patients. J Crohns Colitis. (2014) 8:1427–37. doi: 10.1016/j.crohns.2014.05.004

 29. Radojcic M, Macrae F, Viney B. Infliximab versus cyclosporine in severe steroid-refractory ulcerative colitis; a comparison of clinical outcomes. J Gastroenterol Hepatol. (2014) 29:116–7.

 30. Sjöberg M, Walch A, Meshkat M, Gustavsson A, Järnerot G, Vogelsang H, et al. Infliximab or cyclosporine as rescue therapy in hospitalized patients with steroid-refractory ulcerative colitis: a retrospective observational study. Inflamm Bowel Dis. (2012) 18:212–8. doi: 10.1002/ibd.21680

 31. Song EM, Lee SH, Chang K, Hwang SW, Park SH, Yang DH, et al. Long-term outcomes of cyclosporine A and infliximab treatment for the management of steroid-refractory acute severe ulcerative colitis. J Crohn's and Colitis. (2018) 12:S182. doi: 10.1093/ecco-jcc/jjx180.294

 32. Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced secondary analysis of survival data: reconstructing the data from published Kaplan-Meier survival curves. BMC Med Res Methodol. (2012) 12:9. doi: 10.1186/1471-2288-12-9

 33. Wells GA, Shea B, O'Connell D. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. (2019). Available online at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed May 5, 2019).

 34. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928

 35. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. (1986) 7:177–88. doi: 10.1016/0197-2456(86)90046-2

 36. Thorlund K, Engstrom J, Wetterslev J. User Manual for Trial Sequential Analysis (TSA). Copenhagen: Copenhagen Trial Unit, Centre for Clinical Intervention Research (2019). Available online at: www.ctu.dk/tsa (accessed June 15, 2019).

 37. Schünemann H, Brozek J, Guyatt G, Oxman A. Handbook for Grading the Quality of Evidence and the Strength of Recommendations Using The GRADE Approach. (2013). Available online at: https://gdt.gradepro.org/app/handbook/handbook.html#h.svwngs6pm0f2 (accessed May 5, 2019).

 38. Lynch RW, Lowe D, Protheroe A, Driscoll R, Rhodes JM, Arnott ID. Outcomes of rescue therapy in acute severe ulcerative colitis: data from the United Kingdom inflammatory bowel disease audit. Aliment Pharmacol Ther. (2013) 38:935–45. doi: 10.1111/apt.12473

 39. Govani SM, Waljee AK, Stidham RW, Higgins PD. Infliximab reduces 90 day colectomy rate versus cyclosporine for acute severe ulcerative colitis. Gastroenterology. (2014) 146:S464. doi: 10.1016/S0016-5085(14)61661-9

 40. Nelson R, Liao C, Fichera A, Rubin DT, Pekow J. Rescue therapy with cyclosporine or infliximab is not associated with an increased risk for postoperative complications in patients hospitalized for severe steroid-refractory ulcerative colitis. Inflamm Bowel Dis. (2014) 20:14–20. doi: 10.1097/01.MIB.0000437497.07181.05

 41. Yoshimura N, Tadami T, Kawaguchi T, Sako M, Saniabadi A, Takazoe M. Comparative short-term efficacy of cyclosporine, tacrolimus and infliximab in hospitalized patients with severe corticosteroid-refractory ulcerative colitis: a retrospective study. Gastroenterology. (2013) 144:S209–10. doi: 10.1016/S0016-5085(13)60738-6

 42. Cunningham G, Macisaac M, Ding N, Spizzo P, Connell W, Wright E, et al. Colectomy rates remain high in the era of rescue therapy for acute severe ulcerative colitis: a single-center experience. J Gastroenterol Hepatol. (2017) 32:124. doi: 10.1111/jgh.13895

 43. Chaparro M, Burgueño P, Iglesias E, Panés J, Muñoz F, Bastida G, et al. Infliximab salvage therapy after failure of ciclosporin in corticosteroid-refractory ulcerative colitis: a multicentre study. Aliment Pharmacol Therapeut. (2012) 35:275–83. doi: 10.1111/j.1365-2036.2011.04934.x

 44. Motoya S, Miyakawa M, Nasuno M, Tanaka H. Short-and long-term outcomes of infliximab and calcineurin inhibitor treatment for steroidrefractory ulcerative colitis. J Crohn's Colitis. (2016) 10:S291–2. doi: 10.1093/ecco-jcc/jjw019.502

 45. Patrick D, Ballard E, O'Rourke P, Howlett M, Radford-Smith GL. Comparing colectomy rates in treatment naïve vs. Treatment experienced patients with acute severe ulcerative colitis (ASUC). J Gastroenterol Hepatol. (2015) 30:135. doi: 10.1111/jgh.13094

 46. Leblanc S, Allez M, Seksik P, Flourie B, Peeters H, Dupas JL, et al. Successive treatment with cyclosporine and infliximab in steroid-refractory ulcerative colitis. Am J Gastroenterol. (2011) 106:771–7. doi: 10.1038/ajg.2011.62

 47. Shepherd S, Wright EK, Holmes JA, Brown SJ, Lust M, Kamm MA, et al. Outcomes of salvage therapy for acute severe colitis treatment in a single tertiary center: infliximab v. cyclosporine. J Gastroenterol Hepatol. (2014) 29:123. doi: 10.1111/jgh.12736-6

 48. Protic M, Frei P, Radojicic ZA, Schoepfer A, Juillerat P, Mottet C, et al. Comparative long-term outcomes of tacrolimus, cyclosporine and infliximab for steroid-refractory ulcerative colitis-week 52 results swiss IBD cohort study. Gastroenterology. (2013) 144:S428–9. doi: 10.1016/S0016-5085(13)61578-4

 49. Duijvis N, Ten Hove A, Ponsioen C, Van Den Brink G, Te Velde A, D'Haens G, et al. Lower long-term colectomy rates with IFX than with CsA treatment in moderate to severe UC. J Crohns Colitis. (2015) 9:S53–4. doi: 10.1093/ecco-jcc/jju027.080

 50. Seibold F, Protic M, Frei P, Mottet C, Juillerat P, Knezevic T, et al. Colectomy rate two years after sequential rescue treatments in steroid refractory ulcerative colitis. Gastroenterology. (2017) 152:S409. doi: 10.1016/S0016-5085(17)31597-4

 51. Truelove SC, Witts LJ. Cortisone in ulcerative colitis; preliminary report on a therapeutic trial. Br Med J. (1954) 2:375–8. doi: 10.1136/bmj.2.4884.375

 52. Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-aminosalicylic acid therapy for mildly to moderately active ulcerative colitis. A randomized study. N Engl J Med. (1987) 317:1625–9. doi: 10.1056/NEJM198712243172603

 53. Travis SP, Farrant JM, Ricketts C, Nolan DJ, Mortensen NM, Kettlewell MG, et al. Predicting outcome in severe ulcerative colitis. Gut. (1996) 38:905–10. doi: 10.1136/gut.38.6.905

 54. Ho GT, Mowat C, Goddard CJ, Fennell JM, Shah NB, Prescott RJ, et al. Predicting the outcome of severe ulcerative colitis: development of a novel risk score to aid early selection of patients for second-line medical therapy or surgery. Aliment Pharmacol Ther. (2004) 19:1079–87. doi: 10.1111/j.1365-2036.2004.01945.x

 55. Brandse JF, van den Brink GR, Wildenberg ME, van der Kleij D, Rispens T, Jansen JM, et al. Loss of infliximab into feces is associated with lack of response to therapy in patients with severe ulcerative colitis. Gastroenterology. (2015) 149:350–5.e2. doi: 10.1053/j.gastro.2015.04.016

 56. Dotan I, Ron Y, Yanai H, Becker S, Fishman S, Yahav L, et al. Patient factors that increase infliximab clearance and shorten half-life in inflammatory bowel disease: a population pharmacokinetic study. Inflamm Bowel Dis. (2014) 20:2247–59. doi: 10.1097/MIB.0000000000000212

 57. Seow CH, Newman A, Irwin SP, Steinhart AH, Silverberg MS, Greenberg GR. Trough serum infliximab: a predictive factor of clinical outcome for infliximab treatment in acute ulcerative colitis. Gut. (2010) 59:49–54. doi: 10.1136/gut.2009.183095

 58. Nalagatla N, Falloon K, Tran G, Borren NZ, Avalos D, Luther J, et al. Effect of accelerated infliximab induction on short- and long-term outcomes of acute severe ulcerative colitis: a retrospective multicenter study and meta-analysis. Clin Gastroenterol Hepatol. (2019) 17:502–9.e1. doi: 10.1016/j.cgh.2018.06.031

 59. Lowenberg M, Duijvis NW, Ponsioen C, van den Brink GR, Fockens P, D'Haens GR. Length of hospital stay and associated hospital costs with infliximab versus cyclosporine in severe ulcerative colitis. Eur J Gastroenterol Hepatol. (2014) 26:1240–6. doi: 10.1097/MEG.0000000000000187

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Szemes, Soós, Hegyi, Farkas, Erős, Erőss, Mezősi, Szakács, Márta and Sarlós. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	ORIGINAL RESEARCH
published: 03 August 2021
doi: 10.3389/fmed.2021.679264






[image: image2]

Clinical Value of Fecal Calprotectin in Predicting Mucosal Healing in Patients With Ulcerative Colitis

Fang Chen1, Yue Hu2, Yi-Hong Fan2* and Bin Lv2


1Department of Gastroenterology, Zhejiang Hospital of Integrated Traditional Chinese and Western Medicine, Hangzhou, China

2Department of Gastroenterology, The First Affiliated Hospital of Zhejiang Chinese Medical University, Hangzhou, China

Edited by:
Xiang Xue, University of New Mexico, United States

Reviewed by:
Giulia Roda, Humanitas University, Italy
 Tsvetelina Velikova, Lozenetz Hospital, Bulgaria

*Correspondence: Yi-Hong Fan, yhfansjr@163.com

Specialty section: This article was submitted to Gastroenterology, a section of the journal Frontiers in Medicine

Received: 11 March 2021
 Accepted: 07 June 2021
 Published: 03 August 2021

Citation: Chen F, Hu Y, Fan Y-H and Lv B (2021) Clinical Value of Fecal Calprotectin in Predicting Mucosal Healing in Patients With Ulcerative Colitis. Front. Med. 8:679264. doi: 10.3389/fmed.2021.679264



Aim: This study aimed to evaluate the clinical significance of fecal calprotectin (FC) in assessment of ulcerative colitis (UC) patients' endoscopic patterns and clinical manifestation.

Methods: A total of 143 UC patients who received colonoscopy and 108 controls were included. After providing stool samples, patients underwent total colonoscopy. FC was measured by an enzyme-linked immunosorbent assay (ELISA). Clinical activity was based on the Mayo score. Endoscopic findings was scored by the Ulcerative Colitis Endoscopic Index of Severity (UCEIS). Correlation analysis and receiver-operator characteristic (ROC) analysis were carried out to determine the significance of measurements.

Results: The median (interquartile range, IQR) of FC levels was 211 (43–990) μg/g in UC and 87.5 (40.50~181) μg/g in the control group. Fecal calprotectin correlated significantly with both Mayo and UCEIS scores (Spearman's r 0.670 and 0.592, P < 0.01). With a cut-off value of 164 μg/g for fecal calprotectin concentration, the area under the curve (AUC) in receiver operator characteristic analysis was 0.830, sensitivity was 85.42%, specificity was 73.68%, positive predictive value (PPV) was 62.12%, and negative predictive value (NPV) was 9.10% in predicting clinical active disease. Similarly, the power of FC to predict mucosal healing (MH) was modest. With a cut-off value of 154.5 μg/g, the AUC was 0.839, sensitivity was 72.34%, and specificity was 85.71%.

Conclusion: For evaluating the disease activity of UC, FC is a clinically relevant biomarker for both clinically active disease and MH in patients with UC. But the cut-off value still needs large and multicenter studies for confirmation.

Keywords: biomarkers, ulcerative colitis, fecal calprotectin, mucosal healing, clinical value


INTRODUCTION

Ulcerative colitis (UC) is a chronic disease with a remitting and relapsing course. For evaluation of disease course and for monitoring treatment response, reliable tools are essential. Assessment of UC activity in clinic is usually based on a combination of clinical manifestations and laboratory tests. The current gold standard is colonoscopy because symptoms do not precisely reflect intestinal inflammation and mucosal healing (1). Endoscopic procedures, however, are unpleasant, sometimes painful, and time-consuming in China. Fecal calprotectin (FC) is a calcium-binding, cytosolic protein in neutrophils which has antimicrobial and antiproliferative properties. Fecal calprotectin concentration reflects the increased migration of neutrophils through the inflamed bowel wall to the lumen (2). In stool, calprotectin is degradation-resistant, stable, and easily measurable by ELISA (3). The test has been used successfully to distinguish inflammatory from functional bowel disorders (4). Recent studies suggested that FC levels correlate well with endoscopic indices of UC activity including Matts' index (5), Sutherland criteria (6), Rachmilewitz index (7), and the Mayo endoscopic subscore (8). In addition, elevated FC may indicate an increased risk of disease relapse (9, 10).

Since longstanding active inflammation is also considered a risk factor for the development of tissue destruction, dysplasia, and cancer (11), healing of the mucosa may also lead to a reduction in those complications. For these reasons, mucosal healing has been brought into the treat to target era. The current study found that a subgroup of patients had persistently active endoscopic inflammation while in clinical remission (12). Obviously, a noninvasive biomarker to identify patients with MH is preferable in clinical settings. This could allow more regular assessment of inflammation and possibly lead to a reduced requirement for follow-up endoscopies.

In recent years, various biomarkers of MH have been explored such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). Because in UC patients, inflammation is mainly confined to the colon and the rectum, it may be reasonable that a fecal marker is more accurate than a serum marker.

The aim of this study was to evaluate the clinical significance of FC in the assessment of UC clinical activity and MH. Additionally, cut-off levels were also determined for the clinical activity and MH.



METHODS


Patients

A total of 143 adult outpatients and inpatients with a previously confirmed diagnosis of UC referred for colonoscopy at the Departments of Gastroenterology of the First Affiliated Hospital of Zhejiang Chinese Medical University between May 2015 and December 2016 were included. They were diagnosed on the basis of clinical, endoscopic, and histologic criteria. A second cohort of 108 healthy volunteers served as controls. The disease extension was classified according to the Montreal classification (13). Exclusion criteria included pregnancy, colorectal cancer, history of bowel resection, long-term use of NSAIDs, or presence of comorbidities that could cause inflammatory reactions, active infection, incomplete colonoscopy (not reaching the cecum), and inability to provide stool samples.

Clinical disease severity was assessed according to Mayo scores. Clinical disease activity was divided into clinical remission (0–2), mild (3–5), moderate (6–10), and severe (11–12) according to the frequency of defecation, hematochezia, and findings of colonoscopy and physician's global assessment. The UCEIS score (14, 15), composed of vascular pattern (0–2), bleeding (0–3), and erosions and ulcers (0–3), was applied to evaluate endoscopic activity, while MH (16) was defined as UCEIS 0 or 1, and UCEIS 1 was limited to vascular patterns.



Study Protocol

Patients provided stool samples within the previous 7 days of the colonoscopy (prior to bowel preparation), and the stool samples were stored at −20°C until assay. After bowel preparation, patients underwent total colonoscopy, and UCEIS score was used to assess MH. The greatest score in any anatomical site was recorded.



Fecal Calprotectin Assays

Stools were collected within the previous 7 days of the colonoscopy, and immediately stored at −20°C. The stool samples were sent to Suzhou Herui IBD Project Center, and fecal calprotectin was measured in a blind manner using the PhiCal enzyme-linked immunosorbent assay (ELISA) Assay.



Statistics

For numerical variables, median and interquartile range (IQR) were calculated, and the Mann–Whitney U-test was applied. The Spearman correlation analysis between FC and clinical/endoscopic disease severity was carried out. The best cut-off for FC to predict clinical activity and MH were calculated by using receiver–operator characteristic (ROC) graphs. According to the cut-off levels, test significance including sensitivity (SENS), specificity (SPEC), positive–predictive value (PPV), negative predictive value (NPV), and accuracy rate (AR) were calculated. Two sided P < 0.05 were considered to be statistically significant.




RESULTS


Characteristics of the Participants

Overall, 143 UC patients and 108 controls were included in the study. Among the 143 UC patients (44% women), the mean age at the time of inclusion was 43.64 ± 13.62 years. While ulcerative colitis extent was limited to the rectum in 52 patients (36.36%), 27 patients (18.88%) had sigmoid/left colon involvement and 44 patients (30.77%) had pancolitis. Patients' characteristics are shown in Table 1. According to Mayo scores, 49 (34.27%) patients were in remission, 46 (32.17%) patients had mild, 41 (28.67%) patients had moderate, and 7 (4.90%) patients had severe disease activity. Overall, mucosal healing, defined as UCEIS score 0 or 1, was observed in 48 ulcerative colitis patients (33.57%).


Table 1. Baseline demographic variables of patients included in this study.
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In total, 108 controls were studied (56% women). Their median age was 48.53 ± 16.30 years. The median fecal calprotectin in this group was 87.5 (IQR 40.50–181) μg/g. The median (IQR) value for FC level of all patients was 211 (43–990) μg/g. There was a significant difference in the FC concentration between the UC and the controls (P < 0.05; Table 2). The FC concentration were 38 (30–102.5) μg/g, 220.5 (87–367.75) μg/g, 1,138 (340.50–2699) μg/g, and 2,481 (1573–4067) μg/g, respectively with each stage classified by Mayo scores. As seen in Figure 1 and Table 2, there was a significant difference in FC levels between patients with mild disease and moderate disease (P < 0.05) as well as between moderate disease and severe disease (P < 0.05).


Table 2. Median fecal calprotectin levels (interquartile range) in patients stratified according to the Mayo grades (μg/g).
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FIGURE 1. Median fecal calprotectin levels (interquartile range) in patients stratified according to the Mayo grades (μg/g).




Correlation Analysis

The correlation analysis is shown in Figures 2, 3. The Mayo grades and the UCEIS scores both correlated very well with the FC levels (r = 0.670, P < 0.01, and r = 0.592, P < 0.01, respectively).


[image: Figure 2]
FIGURE 2. Concentrations of fecal calprotectin and the Mayo grades of UC (r = 0.670, p < 0.01).



[image: Figure 3]
FIGURE 3. Concentrations of fecal calprotectin and the UCEIS scores of UC (r = 0.670, p < 0.01).




ROC Curve Analysis

Using a ROC curve, we attempted to determine the best cut-off value of FC to detect clinical activity and MH. The area under the ROC curve to predict clinical activity and MH was 0.830 and 0.839, respectively (Figures 4, 5). The best cut-off point to detect clinical activity was 164 μg/g (sensitivity 85.42%, specificity 73.68%, PPV 62.12%, NPV 9.10%, AR 77.62%). A cut-off value of 154.5 μg/g indicated MH, with sensitivity of 72.34%, specificity of 85.71%, PPV 90.67%, NPV 38.24%, and AR 76.92%.


[image: Figure 4]
FIGURE 4. Receiver operating curve analysis (ROC) of fecal calprotectin in detecting clinical activity (AUC 0.830, p < 0.05, 95%CI 0.755~0.904).



[image: Figure 5]
FIGURE 5. Receiver operating curve analysis (ROC) of fecal calprotectin in MH (AUC 0.839, p < 0.05, 95%CI 0.769~0.909).





DISCUSSION

In the present study, we assessed the correlation between fecal calprotectin level and clinical/endoscopic scores in UC and showed the performances of FC in detecting clinical activity and endoscopic mucosal healing.

Fecal calprotectin is an abundant protein in neutrophils, which infiltrates the mucosa during inflammation. Data support its use in differentiating inflammatory bowel disease (IBD) from irritable bowel syndrome (IBS) (17–20), evaluating abdominal discomfort (21). Several reports have shown that FC level correlates well with clinical, endoscopic, and histological parameters of disease activity (6, 19) in UC patients. To some extent, FC may reflect disease activity in UC better than in CD as some authors reported (22). FC determination may also be useful in predicting impending clinical relapse especially during the following 3 months in both CD and UC patients (23). FC is also useful in assessing treatment response (24–26).

In the management of patients with UC, endoscopy has an essential role in viewing and evaluating the severity of disease activity in the intestinal mucosa as well as assessing the efficacy of treatment modalities. However, discordance in clinical manifestations and endoscopic findings is not rare. Clinical indices are not reliable in assessing endoscopic MH and in predicting the disease course (27, 28). Evolving evidence indicates that MH is associated with lower risk of long-term complications (29–31). Therefore, currently, MH is of great interest to gastroenterologists and considered as an ideal therapeutic target. However, the exact definition of MH continues to be controversial and several scoring systems have been developed. In our study, we applied UCEIS to define MH as the remission stratum that corresponds to UCEIS 0 or 1. Further, we limited the UCEIS score 1 to a vascular pattern descriptor, so that score 1 of the bleeding descriptor and score 1 of the erosions and ulcers descriptor do not mean real MH. Arai et al. (32) recently reported that UCEIS is useful to predict clinical outcomes and long-term prognosis in UC patients with clinical remission. Consequently, FC had a good correlation with UCEIS. Additionally, we suggest that a definition of MH based on the UCEIS scores may be more relevant.

A recent systematic review (33) showed that fecal markers like FC are promising non-invasive indicators of MH. It is imperative that non-invasive markers become available for routine clinical use. In other words, this could allow more regular assessment of inflammation with subsequent timely clinical decisions and possibly lead to a reduced requirement for follow-up endoscopies. Schoepfer's study (7), the largest study so far, described the diagnostic efficiency of FC to predict mucosal inflammation with sensitivity 93%, specificity 71%, PPV 91%, and NPV 81% using a cut-off 50 μg/g. Yamaguchi et al. (34) analyzed the correlation between FC with both Mayo endoscopic subscore 0 or Mayo endoscopic subscore 0 and 1 defining MH. Not surprisingly, specificity and PPV were greater when using the Mayo 0 score. Based on the interpretations of the ROC graphs, using UCEIS defining MH, we obtained a cut-off FC level of 154.5 μg/g to predict MH with sensitivity 72.34%, specificity 85.71%, and PPV 90.67%. It is not surprising that there has been no agreement regarding an appropriate cut-off level for FC to predict MH (35). Our results are reasonably comparable with these previously published data.

Our sample size could be considered as a limitation of our study. Second, using FC as a predictive tool for MH requires analysis from clinically quiescent patients. This is the biggest weaknesses in our study. Third, the FC levels have also been shown to be variable (36), to overcome this problem we ensured that all patients provided stool samples at least 1 week post biologic administrations. Combination of clinical symptoms and serum and fecal biomarkers is likely to be superior to one single parameter. Such analyses will require well-powered and multicenter studies.

In conclusion, fecal calprotectin could reflect the disease activity of UC and are rational fecal markers of intestinal inflammation for clinical application. FC is also a clinically relevant biomarker of MH in patients with UC, but the value of the cut-off still needs large and multicenter studies for confirmation.
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Ulcerative colitis (UC) is an inflammatory bowel disease. The intake of African Garcinia Kola nuts has been reported as a therapy for diarrhea and dysentery in the African population. However, the mechanism of action through which Garcinia Kola nuts act to ameliorates UC remains unknown. GB1a is the main active component of Garcinia Kola nuts. In this study, we explored the therapeutic effects and underlying mechanism of GB1a on dextran sodium sulfate (DSS)-induced UC. Human Colonic Epithelial Cells (HCoEpic) were challenged with TNF-α to test the effects of GB1a in protecting against oxidative stress and inflammation in vitro. Our data showed that GB1a significantly attenuated DSS-induced colonic inflammatory injury manifested as reversed loss of body weight and disease activity index (DAI) scores in UC mice. We also showed that GB1a improved the permeability of the intestinal epithelium by modulating the expression of tight junction proteins (ZO-1, Occludin). Mechanistically, GB1a may activate the Nrf2 antioxidant signaling pathway and suppress the nuclear translocation of NF-κB in reduced oxidative stress and expression of inflammatory genes induced by TNF-α in HCoEpic cells. Our study suggests that GB1a alleviates inflammation, oxidative stress and the permeability of the colonic epithelial mucosa in UC mice via the repression of NF-κB and activation of Nrf2 signaling pathway.
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GRAPHICAL ABSTRACT. GB1a attenuates DSS-induced ulcerative colitis via remodeling of the NF-κB and Nrf2 signaling pathways.


INTRODUCTION

Ulcerative colitis (UC), also known as non-specific ulcerative colitis, is a type of inflammatory bowel disease (IBD) that occurs in the rectum and colon (1). During the development of UC, many pathological lesions occur such as ulcers, crypt abscesses, small vessel inflammation, and reduced numbers of goblet and inflammatory cells (2). Inflammation and ulcerative lesions of the mucosa and submucosa are the main pathological features of UC (3). The main clinical symptoms of the disease include abdominal pain, bloody diarrhea, constipation, and fatigue. These symptoms have a major impact on the quality of life for patients and increase the risk of secondary infections and colon cancer in patients with long-term recurrence (4, 5).

The etiology of UC remains to be fully elucidated but is known to involve interactions between environmental, genetic, and immune factors leading to uncontrolled abnormal immune responses in the intestinal mucosa (6, 7). Studies have identified multiple molecular pathways that are involved in the pathogenesis of UC including the NF-κB pathway, oxidative stress, and the release of related inflammatory cytokines and pro-inflammatory mediators (8–10). Oxidative stress responses result in the infiltration of macrophages into the colon tissues of patients with UC leading to the production of high levels of reactive oxygen species (ROS) (11, 12). These changes act to increase the permeability of the intestinal epithelium and induce further damage in colon tissues leading to the development of intestinal inflammation (13).

Nuclear factor erythroid 2-related factors 2 (Nrf2) is a redox-sensitive transcription factor that protects cells from inflammation and oxidative stress by regulating the transcription of anti-oxidation and detoxification genes including glutathione S-transferase (GST), glutathione peroxidase (GPx), heme oxygenase-1 (HO-1), superoxide dismutase (SOD). Nrf2 enhances the ability of cells to remove electrophilic and reactive oxygen species (ROS) (14–16). Previous studies have shown Nrf2 knockout results in more severe damage in the colon of a UC mouse model which may be to excess generation of ROS generation and inflammatory cytokines (17, 18). Genetic or pharmacological activation of Nrf2 effectively protects mice against the DSS-induced symptoms of UC in mice via remodeling of the Nrf2/ARE and Nrf2/HO-1 pathways.

Previous studies have shown that abnormal activation of NF-κB plays a central role in regulating the release of cytokines in UC patients resulting in severe inflammation and immune response (19, 20). NF-κB and its inhibitor, IκB, stably bind in the cytoplasm. NF-κB dimers are released after degradation of the IκB protein as IκB kinase activation is stimulated by various extracellular factors. Subsequently, NF-κB is further activated by various post-translational modifications and combines with the promoter regions of target genes allowing the expression of downstream targets including TNF-α, IL-6, and IL-1β (21–25). Therefore, the effective suppression of NF-κB may provide a potential therapeutic approach in UC.

GB1a is a bioflavonoid that is extracted from the Garcinia Kola nuts, a tropical evergreen plant of the Garciniaceae and genus Garcinia. Garcinia Kola is widely used as an antioxidant, antibacterial, antiviral, antiulcer, and anti-inflammatory agent (26, 27). Previous studies have reported that flavonoids extracted from Garcinia Kola can reduce inflammation and increase antioxidant capacity by activating Nrf2, yet the active ingredients in the extract remain to be identified (28). In this study, we found that GB1a is effective on DSS-induced UC mice manifested by the recovery bodyweight and decreased DAI scores as well as the improvements in levels of damage in colon tissues. In this study, we explored the therapeutic effects and mechanism of GB1a on dextran sodium sulfate (DSS)-induced UC symptoms.



METHODS AND MATERIALS


Extract Preparation

Garcinia Kola nuts were obtained from Nigeria, Africa. Garcinia Kola nuts were cleaned using fresh tap water to remove dust, air-dried, and then crushed. Extraction was performed twice using 95% (v/v) ethanol and then the solution was evaporated to semi-dryness using a rotary vacuum evaporator at 45°C. The filter residue was added to pure water and refluxed for extraction twice for 1 h. The filtrate was combined and concentrated under reduced pressure to obtain the extract. All of the obtained extracts were dissolved in an appropriate amount of water for extraction and extracted three times with petroleum ether reagent to obtain a petroleum ether layer and a water layer. The water layer was extracted three times with n-butanol to obtain an n-butanol layer and a water layer. The n-butanol layer was concentrated under reduced pressure to obtain the extract.

For High-Performance Liquid Chromatography (HPLC) analysis, 1 mg of extract powder was dissolved in 1 ml of methanol and filtered through a 0.22 μm filter before HPLC analysis. An Agilent 1260 HPLC (Agilent Technologies, Santa, Clara, CA, USA) equipped with a Zorbax Eclipse Plus C18 column (ZORBAX SB-C18, 9.4 ×250 mm, 5 μm) was used for HPLC analysis and preparation. Chromatographic separation was performed at 30°C with a flow rate of 2.5 mL/min. The injection volume was 50 μL and the ultraviolet detection wavelength was set at 360 nm. The mobile phase consisted of methanol (A) and water (B). The gradient elution conditions of the mobile phase A were: 0–20 min, 53–65%; 20–21 min, 65%; 21–30 min, 65–70%; 30–31 min, 70%; 31–35 min, 70–53%; 35–40 min, 53%. After purification by HPLC, a single compound with a purity of 99.7% in the n-butanol extract layer was obtained (Supplementary Figure 1A). The identification and analysis of the hydrogen (1H NMR) and carbon spectra (13C NMR) showed that the compound was GB1a (Supplementary Table 1 and Supplementary Figures 1B,C) (29).



Cell Protocols

Human Colonic Epithelial Cells (HCoEpic) were seeded in 96 well plates with 6 well replicates. After culturing for 24 h, the culture was changed to a medium containing GB1a (drug concentration gradient: 0, 2.5, 5.0, 10, 15, 20, 50, 100, 200, 400 μM) and the cells incubated for 24 h after administration. The culture medium was then aspirated and the cells were incubated with a pre-mixed medium containing CCK-8 (100 μL 1640 medium, 10 μL CCK-8 solution). The OD value was measured at 450 nm using a microplate reader. HCoEpic cells were harvested after incubation for 24 h with 30 ng·ml−1 TNF-α (TNF-α model group) or TNF-α plus 20 μM/40 μM GB1a (TNF-a+GB1a group). All experiments were performed in triplicate.



Animals

Male C57BL/6 mice (6–8 weeks old, 18–20 g) were purchased from the Beijing Weitong Lihua Experimental Animal Technology Co., Ltd. Mice were maintained in a 12-h dark/light cycle environment with a room temperature of 23 ± 2°C and a relative humidity of 55 ± 5%. Mice had free access to a standard diet and purified water. All animal experiments were performed following protocols and guidelines approved by the Animal Ethics Committee of Guangzhou University of Chinese Medicine. All surgeries were performed under sodium pentobarbital anesthesia.



Induction of Colitis and Treatment Protocol

After 1 week of adaptive feeding, C57BL/6 mice were randomly divided into six groups (7 mice/group) as follows; Control, DSS, DSS+sulfasalazine (SASP, 300 mg·kg−1), DSS+GB1a100, DSS+GB1a50, DSS+GB1a25 (GB1a, 100 mg·kg−1, 50 mg·kg−1, 25 mg·kg−1). During the experimental periods, animals received a daily gavage of SASP (300 mg·kg−1) or GB1a (25, 50, or 100 mg·kg−1) in 0.5% carboxymethyl cellulose from day 1 to day 9. From day 3, for 2 h after administration of GB1a, mice were given 4% DSS (w/v) solution dissolved in sterile distilled water ad libitum for 6 days. GB1a and SASP administration continued until the end of the DSS treatment period.



Evaluation of Colitis

Daily observations were performed to assess the symptoms of colitis (body mass loss, the severity of diarrhea, rectal bleeding). The disease activity index (DAI) was evaluated as described (DAI = Score Weight loss (%) + Stool consistency + rectal bleeding) (30). At the end of the experiment, mice were anesthetized by i.p. administration of 10% chloral hydrate. The entire colon was excised and measured. Portions of the colon were fixed in 4% paraformaldehyde, embedded in paraffin and processed for routine hematoxylin and eosin (H&E) staining for examination under a light microscope. The histological scores of the H&E-stained colon specimens were blindly assessed by two pathologists. Histological sections were scored using a validated scoring system as previously described by Dou et al. (31). The remaining parts of the colons were stored at −80°C for further analysis.



Determination of Myeloperoxidase (MPO) Activity in Colon Tissues

Inflammation was assessed by measuring tissue myeloperoxidase (MPO) activity that is linearly related to neutrophil infiltration. MPO activity in the supernatant of the colon homogenate of mice was determined using an MPO assay kit according to the manufacturer's instructions (Nanjing jiancheng, Nanjing, China). The values were expressed as units per gram of tissue in each sample and calculated from the following formula: Myeloperoxidase (MPO) Activity (U/g) = (Measure OD value-control OD value)/11.3 × sampling volume (g).



Assessment of Serum Levels and Antioxidant Parameters

The serum levels of TNF-α and IL-6 were measured using ELISA assay kits (Abclonal Biotechnology Co., Ltd, Wuhan, China) according to the manufacturer's instructions. Assay kits (Nanjing jiancheng, Nanjing, China) were used to measure levels of malondialdehyde (MDA), glutathione (GSH) and superoxide dismutase (SOD) in serum.



Mitochondrial DNA Copy Number

The mtDNA copy number was used as a marker for mitochondrial density using qPCR as previously reported (32, 33). Briefly, total DNA was isolated from HCoEpic cells using a Universal Genomic DNA Extraction kit (Tiangen, Beijing, China) according to the manufacturer's instructions. The mitochondrial DNA copy number was calculated from the ratio of the mitochondrial-encoded gene COXII and the nuclear-encoded gene GAPDH. The primer sequences of the genes are shown in Supplementary Table 2.



Western Blotting Analysis

Protein was extracted from HCoEpic cells or mouse colon tissues samples. Equal concentrations of proteins were separated on a 10% SDS-polyacrylamide gel and transferred to polyvinylidenefluoride (PVDF) membranes. Western blotting was performed using specific antibodies (Anti-Nrf2, anti-HO-1, anti-NF-κBp65, anti-ZO-1, anti-Occludin, anti-β-actin, and anti-LaminB) purchased from ABclonal (ABclonal, Biotechnology Co., Ltd.).



Measurement of ROS

HCoEpic cells were seeded in 6-well plates and treated as previously described. Cells were then incubated with DCFH-DA (5 uM) at 37°C for 0.5 h in the dark. Cells were washed three times with PBS and the fluorescence emission was detected using a fluorescence microscope.



Management of Fluorescein Isothiocyanate (FITC)-Dextran

At the end of the DSS treatment period, mice were given fluorescein isothiocyanate (FITC)-dextran solution (4 kDa, 600 mg/kg) by oral gavage. Blood samples were collected from the retinal vein after 4 h.



Statistical Analysis

All results presented in the figures are expressed as the mean ± SEM. The significant differences between multiple groups were detected using a one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) or a Dunnett's test (SPSS20.0). Data were evaluated using GraphPad Prism Version 7.0. P-values of < 0.05 were considered statistically significant.




RESULTS


GB1a Exerts Anti-inflammatory Effects by Inhibiting the Nuclear Translocation of NF-κB invitro

To investigate the anti-inflammatory function of GB1a, TNFα-incubated HCoEpic cells were used as previously described (34). Consistent with our hypothesis, GB1a displayed lower cytotoxicity (Figure 1A) and GB1a treatment effectively reduced the expression of pro-inflammatory genes including TNF-α, IL-1β, and IL-6 (Figure 1B). NF-κB is a the master regulator of proinflammatory gene expression. We showed that GB1a could reverse the TNF-α-induced the elevation of NF-κB p65 expression in HCoEpic cells in a dose-dependent manner by inhibiting the nuclear translocation of NF-κB induced by TNF-α (Figures 1C,D). To further explore the underlying mechanism, we performed docking analysis between GB1a and NF-κB. Our molecular docking data indicated a high binding affinity via hydrophilic interactions suggesting a potential role of GB1a in regulating NF-κB activity (Figures 1E,F). To confirm the mechanism is through the NF-κB signal pathway, we transfected the siRNA- NF-κBp65 on HCoEpi cells. As shown in Supplementary Figure 2, the expression of NF-κBp65 was significantly decreased after knocking down NF-κBp65 when compared with control group. In addition, knocking down NF-κBp65 significantly reduced the mRNA levels of TNF-α, IL-1β, and IL-6. As expected, GB1a significantly decreased the mRNA levels of NF-κB p65 and its downstream genes in HCoEpi cells. Altogether, these results demonstrated that GB1a reduced the expression level of NF-κBp65 in HCoEpi. Collectively, these data suggested a potential anti-inflammatory role of GB1a.
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FIGURE 1. The anti-inflammatory effects of GB1a are mediated by inhibition of NF-κB nuclear translocation in vitro (A) CCK8 analysis showed the cytotoxicity of GB1a on HCoEpic at different doses. (B) GB1a administration reduced the expression of intracellular pro-inflammatory cytokines (TNF-α, IL-6 and IL-1β) in TNF-α-incubated HCoEpic in a dose-dependent manner. (C) GB1a treatment could inhibit NF-κB p65 protein expression in the nucleus and block NF-κB p65 translocation to the nucleus. (D) Immunofluorescence analysis of NF-κB (green) in HCoEpic. DAPI was used for nuclear staining (blue). (E) The 2D structure of the predicted binding of GB1a to NF-κB. (F) The molecular docking model of GB1a and NF-κB. Data are presented as means ± SD (n = 5/group). **p < 0.01 and ***p < 0.001.vs the TNF-α-incubated group.




GB1a Activates the Nrf2 Pathway and Alleviate TNF-α-Induced Mitochondrial Injury in vitro

Previous studies (35, 36) have shown that long-term inflammation results in impaired mitochondrial function and the overproduction of ROS that drives the pathogenesis of UC damage. These data suggest that the suppression of chronic inflammation-induced colonic oxidative stress may colitis. We investigated the effects of GB1a on TNF-α-induced mitochondrial stress and intracellular redox status. GB1a treatment significantly upregulated genes involved in antioxidant pathways including Nrf2 and HO-1 (Figure 2A). In parallel to the enhanced mRNA levels, GB1a significantly promoted Nrf2 protein expression and nuclear translocation (Figures 2B,C). Molecular docking studies revealed that GB1a could bind to the inside of the Nrf2 domain based on the hydrogen, hydrophobic interactions and van der Waals forces (Figures 2D,E). Moreover, GB1a treatment effectively reversed TNF-α-induced mitochondrial loss in HCoEpic cells supported by improved mitochondrial biogenesis and ultrastructural features (Figures 2F,G). These changes led to the attenuation of redox imbalance supported by decreased ROS levels (Figure 2H). Collectively, our results showed that GB1a can directly interact with Nrf2 to facilitate the recruitment of coactivators suggesting that GB1a serves as an Nrf2 agonist.
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FIGURE 2. GB1a activates the Nrf2 pathway and alleviates TNF-α-induced mitochondrial injury in vitro. (A) GB1a treatment upregulated the expression of Nrf2 and HO-1. (B) Western blotting results showed that GB1a advances Nrf2 translocation to the nucleus and promotes Nrf2 protein expression in the nucleus. (C) Immunofluorescence analysis of Nrf2 (green) in HCoEpic. DAPI was used for nuclear staining (blue). (D) The 2D structure of the predicted binding of GB1a to Nrf2. (E) The molecular docking model of GB1a and Nrf2. (F,G) GB1a treatment improved mitochondrial biogenesis (F) and morphology (G) in HCoEpic. (H) GB1a reduced the levels of ROS in TNF-α-incubated HCoEpic. Data are presented as means ± SD (n = 5/group). *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the TNF-α-incubated group.




GB1a Alleviates the Symptoms of DSS-Induced UC in Mice

Administration of GB1a results in a dose-dependent decrease in body mass compared to DSS-treated mice with concomitant improvements in the DAI score at a higher dose of GB1a (Figures 3A,B). DSS treatment caused significant shortening of the colon compared to the control group which was attenuated in a dose-dependent manner by GB1a post-treatment (Figures 3C,D). Histopathological examination of the mouse colon tissues showed that GB1a treatment effectively reversed the DSS-induced damage in a dosage dependent manner. These findings were supported by observations of a repaired mucosal structure, increased crypt numbers, and reduced inflammatory cell infiltration in the mucosa and submucosa (Figures 3E,F). Furthermore, the MPO activity assay results showed that GB1a intervention significantly reduced MPO activity in the colon tissues of UC mice (Figure 3G). In conclusion, these data indicated that GB1a has potential effects on the treatment of UC.
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FIGURE 3. GB1a alleviates the symptoms of DSS-induced UC in mice. (A–D) GB1a treatment ameliorated DSS-induced body weight loss (A), DAI scores raising (B), colon shortening (C,D). (E,F) GB1a attenuates colonic pathological damage in UC mice (E) and decreased the histological scores of the colon tissues (F). (G) GB1a intervention significantly reduced the serum MPO activity in UC mice. Data are presented as means ± SD (n = 7/group). *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the DSS-incubated group.




The Inhibitory Effects of GB1a Are Dependent on the NF-κB Signaling Pathway in UC Mice

Considering the anti-inflammatory effects of GB1a are mediated by inhibiting the activation of the NF-κB pathway in vitro, we hypothesized that GB1a also alleviates DSS-induced UC inflammatory damage through repression of the NF-κB pathway. As predicted, GB1a treatment reversed the DSS-induced increase of pro-inflammatory cytokines including TNF-α and IL-6 (Figure 4A). Also, GB1a treatment inhibited the DSS-induced elevation of IL-6 and TNF-α mRNA expression and inhibited the expression of chemokines including CCL5, CCL20, CXCL1 (Figures 4B,C). Finally, we measured the expression levels of NF-κBp65 in colon tissues by immunofluorescence and western blotting. Our results showed that GB1a inhibited NF-κBp65 expression and blocked NF-κBp65 translocation to the nucleus in DSS mice. These changes led to the amelioration of DSS-induced inflammation in the colon by inhibiting activation of the NF-κB pathway (Figures 4D,E).
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FIGURE 4. The inhibitory effects of GB1a are dependent on the NF-κB signaling pathway in UC mice. (A) Treatment with GB1a down-regulated serum TNF-α and IL-6 levels in UC mice. (B,C) GB1a inhibited the expression of TNF-α, IL-6, CCL5, CCL20, CXCL1 in the colon tissue of UC mice. (D) Immunofluorescence analysis of NF-κBp65 (red) in the colon of mice. DAPI was used for nuclear staining (blue). (E) NF-κBp65 levels in whole and nuclear protein were analyzed by western blotting. Data are presented as means ± SD (n = 7/group). *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the DSS-incubated group.




The Effect of GB1a Activation on the Nrf2 Signaling Pathway in UC Mice

Based on the results of our in vitro experiments, we further investigated the dependency of the therapeutic effects of GB1a in UC mice via the activation of colonic Nrf2 pathways. We determined the levels of oxidants (MDA) and antioxidants (GSH, SOD) in the serum of mice and the mRNA expression of antioxidant genes (Nrf2, HO-1 and MarfK) in colon tissues. GB1a treatment significantly decreased the levels of the oxidant MDA and increased the level of the antioxidants GSH and SOD (Figure 5A). We also found the upregulated expression of the antioxidant genes, Nrf2, HO-1 and MarfK (Figure 5B). Immunofluorescence staining and western blotting analysis showed that GB1a administration significantly increased Nrf2 expression in colon tissues and promoted Nrf2 translocation to the nucleus (Figures 5C,D). Consistent with the activation of Nrf2 signaling, immunohistochemistry results showed that GB1a treatment significantly enhanced Nrf2 and HO-1 protein expression in inflamed colons compared to mice treated with DSS alone (Figure 5E). Taken together, these results suggest that GB1a exerts an anti-oxidant effect through the Nrf2 signaling pathway to improve the symptoms of UC.
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FIGURE 5. The effects of GB1a on the activation of the Nrf2 signaling pathway in UC mice. (A) GB1a administration reduced the levels of oxidants (MDA) and increased the levels of antioxidants (GSH, SOD) in the serum of UC mice. (B) GB1a treatment upregulated the expression of antioxidant genes Nrf2, HO-1, and MarfK. (C) Immunofluorescence analysis of Nrf2 (red) in the colon of mice. DAPI was used for nuclear staining (blue). (D) GB1a administration increased the expression of Nrf2 and HO-1 proteins and promoted Nrf2 translocation to the nucleus. (E) Representative images of immunohistochemical staining of Nrf2 and HO-1 in mice colon sections. Data are presented as means ± SD (n = 7/group). *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the DSS-incubated group.




The Protective Effect of GB1a on the Intestinal Mucosa

Damage to the intestinal mucosal barrier is an important cause of UC. We hypothesized that GB1a might have regulatory effects on DSS-induced tight junctions (TJ) molecules. Our results demonstrated that GB1a treatment increased the expression of ZO-1 and Occludin at the mRNA and protein levels (Figures 6A,D) and improved mucosal permeability and decreased the level of FITC in serum (Figure 6B). Immunohistochemistry staining results showed that GB1a treatment significantly enhanced ZO-1 and Occludin protein expression in inflamed colons compared to mice treated with DSS alone (Figure 6C) and were further verified by western blotting analysis (Figure 6D). Transmission Electron Microscope (TEM) revealed that GB1a (100 mg·kg−1) ameliorated DSS-induced loosening of the epithelial tight junction (TJ), increased colon space, caused the loss of microvilli, decreased desmosome density and decreased mitochondrial swelling. These changes acted to improve the integrity of the intestinal barrier (Figure 6E). In summary, our data indicated that GB1a treatment significantly repaired the damage of the intestinal mucosa by DSS-induced.
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FIGURE 6. The protective effect of GB1a on the intestinal mucosa (A) GB1a treatment upregulated the expression of genes ZO-1 and Occludin. (B) GB1a administration reduced the levels of fluorescein isothiocyanate (FITC)-dextran in the serum of UC mice and improved mucosal permeability in the colon. (C) Representative images of immunohistochemical staining of ZO-1 and Occludin and Claudin2 in mouse colon sections. (D,E) Ultrastructural morphology of the intestinal mucosal barrier. Data are presented as means ± SD (n = 7/group). *p < 0.05 and **p < 0.01. vs the DSS-incubated group.





DISCUSSION

In this study, we showed that GB1a inhibited oxidative stress damage by activating the NRF2 pathway. GB1a regulated the balance between pro- and anti-inflammatory cytokines and maintained intestinal homeostasis by inhibiting activation of the NF-κB pathway. Also, GB1a reduced the permeability of the intestinal mucosa by repairing damage to the intestinal mucosal barrier and prevented endotoxins and bacteria from entering the blood circulation, ultimately relieving damage from the abnormal immune response.

Inflammatory bowel disease (IBD) includes UC and Crohn's disease (CD) (37). UC, also known as non-specific UC, is a chronic inflammatory disease where the main lesions occur in the colon. In 1859, the symptoms of UC were first described by Samuel Wilks (38) and included abdominal pain, diarrhea and bloody purulent stools. These symptoms are often accompanied by associated damage in the lymph nodes, skin, eyes, liver, and gallbladder (39).

Currently, the pathogenesis of UC is not fully understood. The process is thought to mainly involve genetic susceptibility, defects in the epithelial barrier, immune disorders and other environmental factors. Immune dysregulation is a key factor the affects the progression of the disease. Also, injury to the epithelial barrier injury is important in the pathogenesis of UC as pathogenic microorganisms and toxins can exacerbate ulcers by invading the intestinal tract.

Modern clinical approaches lack targeted drugs for the treatment of UC. Clinically, UC is mainly treated using strategies to regulate immune function, reduce intestinal mucosal edema and inhibit the production of inflammatory mediators. The main classes of drugs that are used to perform these functions are amino salicylic acid (5-ASA), adrenocorticosteroids, immunosuppressants, and inhibitors of inflammatory mediators. Whilst these drugs are effective, they have several side effects that impact the quality of life of patients.

Treatment with 5-ASA as a first-line therapy for UC may cause male infertility and folic acid deficiency. Also, various biological agents that target specific immune pathways have become recognized as potential treatments for UC (40, 41). Glucocorticoids are the most effective drugs used to inhibit acute active inflammation, yet their long-term use leads to hormone dependence and drug resistance (42). Immunosuppressive agents have more significant adverse reactions such as severe diarrhea, bone marrow suppression, hepatotoxicity and pancreatitis (43). Biological agents may be used to control the early stages of UC, however, these may result in adverse reactions including delayed allergic reactions, increased risk of infections and increased incidence of tumors (44). Therefore, there is an urgent need to develop more effective and safer alternative drugs in the treatment of UC.

Recently, researchers have identified natural compounds that are effective in the prevention and treatment of UC and other inflammatory diseases (45). These compounds are relatively non-toxic and have fewer side effects compared to established drugs. Natural products may have a high potential to improve the quality of life for patients with UC and also reduce the risk of cancer. Garcinia Kola Heckel is a flowering plant that produces a natural product with known anti-inflammatory, antioxidant, antiviral, antiulcer, and anti-bacterial activities (46–48). The crude extract of Garcinia kola is known to have protective effects against acetic acid-induced UC in rats. Kolaviron, a diflavonoid compound extracted from Garcinia Kola, has been shown to improve DSS-induced UC in rats through anti-inflammatory and antioxidant effects (49). In the current study, the biflavonoid compound, GB1a, was extracted from the seeds of Garcinia Kola (26, 27). GB1a is one of the most important active ingredients found in Garcinia Kola and has been reported to have analgesic, anti-inflammatory, antimalarial and antioxidant activities (50–52), however, it has not been evaluated in the treatment of UC.

Although the exact pathogenesis of UC remains unclear, accumulating evidence indicates that anti-oxidative and inflammatory pathways play significant roles (53, 54). Natural compounds are involved in the inflammatory and immune responses of the UC intestine. The integrity and repair of the mucosal barrier in the colon are critically important in improving the symptoms of UC (45, 55) and developing effective treatments for UC (56).

A major feature of UC is the development of severe inflammation in response to impaired immune responses in which NF-κB signaling pathways play a central role (57, 58). The release of related inflammatory cytokines and pro-inflammatory mediators after activation of the NF-κB pathway plays a crucial role in UC. These changes include elevated levels of TNF-α, IL-6, and IL-1β along with decreased levels of anti-inflammatory cytokines such as IL-10 (8, 9). In the current study, natural compounds had pronounced inhibitory effects on the NF-κB pathway by reducing the expression of inflammatory factors and promoting the expression of anti-inflammatory factors that acted to improve the symptoms of UC.

Curcumin is a natural hydrophobic polyphenol that has a variety of pharmacological effects in UC (59). Curcumin has been shown to down-regulate the expression of pro-inflammatory cytokines (IL-1, IL-6, IL-8, and TNF-α) by regulating the NF-κB/IκB pathway and reduce inflammatory cell infiltration in several experimental models. Saikosaponin-d improves dextran sulfate sodium-induced colitis by inhibiting activation of NF-κB signaling and regulating the intestinal microbiota in mice. Also, nutmeg reduces TNF-α, IL-6, and IL-1β levels in LPS induced mouse serum by blocking nuclear translocation of endotoxin shock and inhibits binding in LPS stimulated macrophages (60).

Cardamonin is another natural compound that blocks the nuclear translocation of NF-κBp65 in a mouse model of endotoxin shock. Cardamonin can reduce the levels of TNF-α, IL-6, and IL-1β secretion in LPS-induced mouse blood serum and inhibits NF-κB DNA-binding in LPS-stimulated macrophage cells (61). Our results revealed that GB1a administration decreased the expression of TNF-α, IL-6 mRNA and repressed NF-κBp65 protein expression and nuclear translocation by inhibiting activation of the NF-κB pathway. These data demonstrate that GB1a can effectively reduce inflammatory damage and highlight the potential for the therapeutic application of GB1a in the treatment of UC.

Neutrophil infiltration, free radical formation and increased oxidative stress are known biological mechanisms of UC (62, 63). Oxidative stress plays a key role in the development of many diseases and is usually accompanied by the production of a large amounts of oxygen free radicals. This directly causes oxidative damage to macromolecules such as DNA, proteins and lipids, destroying cell membranes, and other cellular structures. By stimulating the expression of cytokines and adhesion molecules, oxidative damage mediates inflammation, and the immune response to enhance tissue damage. The presence of oxygen free radicals can also indirectly activate apoptotic signaling pathways through the inhibition of mitochondrial function (64). During the development of UC, the oxidative burst of infiltrating macrophages leads to the production of large amounts of reactive oxygen species in the inflamed tissues of patients. This oxidative burst leads to the destruction of colon tissue and decreases epithelial permeability causing intestinal inflammation (13).

The nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway is a defense system that regulates the expression of antioxidant proteins and the transcription of genes encoding detoxification enzymes. In vivo studies have shown that the Nrf2 signaling pathway also plays an important role in the improvement of UC (65–67). In our study, for the first time, we report that GB1a supplementation can effectively improve mitochondrial and oxidative stresses by reducing ROS in a Nrf2 dependent manner suggesting a strong link between Nrf2 and oxidative stress during the progression of UC.

The persistent inflammatory response in patients with UC compromises the integrity of the colonic mucosa through sustained cytokine release (9). The mechanical barrier of the intestinal mucosa is particularly important in the treatment of UC. The main structure of the mechanical barrier is formed by tight junction proteins (TJs) that are composed of claudin, zos and connexins (68). Also, the intestinal mucosal barrier plays a vital role in maintaining the barrier function to protect against intestinal allergens, toxins, and pathogens (59).

During the development of UC, the destruction of the intestinal mucosal barrier activates intestinal inflammation to promote the development of colon cancer (69). Previously, it has been shown that changes in the composition of colon mucus in UC promotes damage to the colon mucosal barrier. This leads to immune activation of symbiotic microbial communities and promotes the progression of UC diseases (70, 71). The results presented in this study demonstrate that GB1a can effectively increase the expression of the tight junction protein ZO-1 and Occludin in UC mice. The serum FITC content of the UC mice decreased after GB1a treatment which effectively alleviated the permeability of the colon mucosa toward maintaining the normal physiological function of the colon mucosa.

In summary, this is the first study to demonstrate the protective effects of GB1a on DSS-induced mouse UC. The underpinning molecular mechanisms of GB1a are potentially associated with the activation of Nrf2, protection of intestinal mucosa and the inhibition of NF-κB-mediated proinflammatory signaling.
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Background: While infliximab has revolutionized the treatment of ulcerative colitis, primary non-response is difficult to predict, which limits effective disease management. The study aimed to establish a novel genetic model to predict primary non-response to infliximab in patients with ulcerative colitis.

Methods: Publicly available mucosal expression profiles of infliximab-treated ulcerative colitis patients (GSE16879, GSE12251) were utilized to identify potential predictive gene panels. The random forest algorithm and artificial neural network were applied to further screen for predictive signatures and establish a model to predict primary non-response to infliximab.

Results: A total of 28 downregulated and 2 upregulated differentially expressed genes were identified as predictors. The novel model was successfully established on the basis of the molecular prognostic score system, with a significantly predictive value (AUC = 0.93), and was validated with an independent dataset GSE23597 (AUC = 0.81).

Conclusion: Machine learning was used to construct a predictive model based on the molecular prognostic score system. The novel model can predict primary non-response to infliximab in patients with ulcerative colitis, which aids in clinical-decision making.

Keywords: ulcerative colitis, infliximab, predictive model, machine learning, primary non- response


INTRODUCTION

While the exact pathogenesis of ulcerative colitis (UC) remains unclear, factors including genetic predisposition, environmental factors, intestinal barrier defects, and dysregulation of the immune system all contribute to the disease (1, 2). Five-amino salicylates, corticosteroids, and azathioprine are conventionally used to induce and maintain clinical remission based on the severity and location of UC (3). Nevertheless, the clinical benefits of these traditional therapeutic drugs are limited due to their lack of specificity.

Infliximab (IFX), a monoclonal antibody against human tumor necrosis factor alpha (TNF-α), has revolutionized the treatment of UC. At present, IFX is generally used for moderate to severe UC, with the advantage of promoting mucosal healing, reducing the probability of surgery, and improving the prognosis (4). However, the response rate to IFX differs among patients. It has been reported that up to 30% of patients show primary non-response (PNR) to IFX, which means they receive no clinical benefit from IFX and effective disease treatment is often delayed (5, 6). Therefore, it is important to construct a reliable model to predict non-response to IFX in the early stages of the disease.

Currently, there are few effective tools able to accurately predict PNR due to the complexity of the IFX treatment mechanism. Rapid advances in the field of bioinformatics offer new approaches for predictions with clinical application in addition to therapeutic drug monitoring, serological antibodies, and C-reactive protein levels. Detecting genetic signatures in array data is a robust way to predict clinical response based on the hypothesis that single nucleotide polymorphisms (SNPs) related to the pathogenesis of disease or mechanism of drug action may determine the relationship between genes and drug therapeutic effect (7).

Machine learning techniques, including random forest (RF) and artificial neural network (ANN), have been successful in biomarker discovery and in studies spanning multiple disease types (8–10). With the development of machine learning, the most significant differentially expressed genes (DEGs) can be selected and converted to statistical models to guide clinicians to reasonable and effective therapeutic options (11). In our previous study, we identified the TNFRSF1B SNP variation as a predictor for secondary non-response to IFX in Crohn's disease. However, a comprehensive analysis of the genetic predictors of IFX response in patients with UC is still lacking. Thus, the aim of this study was to develop and validate a genetic model based on machine learning to predict IFX PNR in patients with UC.



MATERIALS AND METHODS


Study Design and Processing

In order to predict IFX PNR prior to treatment, three sets of mucosal array profiles at the baseline (week 0) in IFX-treated UC patients were employed in this study (GSE16879, GSE12251, and GSE23597). The training datasets comprised GSE16879 and GSE12251, and GSE23597 was selected as the validation dataset. In this study, whether patients responded to IFX was defined according to the Mayo endoscopic subscore and histological score for UC. The therapeutic effect of IFX in all study participants was evaluated within 14 weeks of starting treatment; PNR was diagnosed if patients showed no endoscopic improvement in this time. RF was used to further screen the top-30 DEGs that contributed the most to the prediction of PNR to IFX in UC patients. Subsequently, gene expression scores were calculated according to the expression data of DEGs from all samples. The weight values of the top-30 DEGs were attained by developing an ANN model. Then, we used the weight values and gene expression scores to build a molecular prognostic score (mPS) system, and GSE23597 was used as a validation dataset to prove the efficacy of the novel predictive model. The study flowchart is shown in Figure 1. Institutional review board approval is not needed for this study.
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FIGURE 1. The study flowchart.




Datasets and Identification of DEGs

The raw data of the datasets used in our study were downloaded from the Gene Expression Omnibus (GEO; https://www.ncbi.nlm.nih.gov/geo/). These three datasets were derived from the same microarray platform, GPL570 [(HGU133_Plus_2) Affymetrix Human Genome U133 Plus 2.0 Arrays]. Analysis and verification were conducted on the expression profiles of IFX-treated UC patients at the baseline, which were extracted from diseased rectal biopsies within a week prior to the first intravenous infusion of 5 mg infliximab per kg body weight (12, 13). According to the clinical information provided by the datasets, these patients were classified as responders and non-responders.

The raw data were processed and standardized using R software (version 4.0.1). The datasets for gene expression were normalized using the RMA algorithm. Multiple probes associated with the same gene were deleted and summarized for further analysis. The Limma package was used to remove the batch effect by building linear models, and to identify DEGs. The significant DEGs of the training dataset were identified with the threshold: false discovery rate <0.05, and |log2 (Fold Change) |>1. A volcano plot was generated to visualize the DEGs.



Gene Ontology and Pathway Enrichment Analysis

Metascape (http://metascape.org) was used to perform pathway enrichment and biological process annotation, providing comprehensive and detailed information for each gene (14). In this study, Metascape was used to carry out gene ontology and pathway enrichment analysis in order to identify the functional biological terms and signaling pathways of significant DEGs in the training dataset. Only terms with P <0.01 and a count of enriched genes ≥3 were considered significant. All the significant terms were then grouped into clusters based on their membership similarities, and the most enriched term was chosen to represent the cluster.



Screening DEGs Predicting PNR to IFX With Machine Learning

The Random Forest package in R version 4.0.1 was applied to further screen out 30 DEGs that contributed the most to the prediction of PNR to IFX in UC patients. The top 30 is a common selection criterion based on the algorithm requirements of RF packages and has been widely used in similar studies (15, 16). Subsequently, the expression data of the 30 DEGs were converted into a score table named “Gene Score,” according to the diagnosis of UC (17). The specific conversion rules are as follows: If the expression value of an upregulated gene in a certain sample is higher than the median expression value of the gene in all samples, its expression value will be converted to 1, otherwise 0. If the expression value of a downregulated gene is higher, its expression value will be converted to 0, otherwise 1. As for the therapeutic effect of IFX in UC patients, responders are converted to 1 and non-responders are converted to 0. Above all, the Gene Score is composed of 46 lines of samples, 30 columns of DEGs, and column of response to IFX (response/non-response).

Finally, we used the Python-based Keras library to establish an ANN forecast model. The therapeutic result of IFX was designated as y, and the Gene Score of each of the top-30 DEGs was designated as x. The ANN was composed of one input layer, one hidden layer, and one output layer. In the hidden layer, we set ten hidden nodes and exploited rectified linear unit as an activation function. In the output layer, we set two nodes (response/non-response) and the activation function of each node was a softmax function. The cross-entropy error was set as a loss function and the Adam method was used to optimize the value of each weight. After training, we selected the maximum weight value of a certain DEG in the hidden layer named “Gene Weight” (18).



Development and Validation of the Predictive Model

The construction of the model to predict PNR to IFX in UC patients was based on the mPS system. As an innovative scoring system, mPS was created in 2019, and is effective in the prediction of overall survival of breast cancer patients and the diagnosis of UC (17, 18). The mPS of each sample was calculated by summation of “Gene Score” × “Gene Weight” for all top-30 DEGs (18).

The array data in GSE23597 were used to validate the effectiveness of the mPS scoring system based on the training dataset. According to the conversion rules, we obtained an updated “Gene Score,” and calculated the summation of “Gene Score” × “Gene Weight.” The area under the receiver operating characteristic curve (AUC) was used to evaluate the predictive value of this model, and it was calculated using the ROCR package in R (version 4.0.1). If the AUC value was higher than 0.8, it was considered an excellent discrimination. If the AUC value was higher than 0.9, it was considered an outstanding discrimination (19).




RESULTS


Determination of Sample Group

UC patients initially treated with IFX induction therapy in GSE16879 and GSE12251 were enrolled into the training dataset. The expression profiles at the baseline (week 0) were used for further analysis. The response to IFX was defined as complete mucosal healing with a Mayo endoscopic subscore of 0 or 1 and a grade 0 or 1 on the histological score for UC (12, 20). Non-responders were patients who did not achieve healing, although some presented with minor endoscopic or histologic improvement (12, 20). The response to IFX was assessed 4 weeks after the first IFX therapy in the GSE16879 dataset and 8 weeks in the GSE12251 dataset.

The validation dataset was UC patients initially treated with IFX in GSE23597, and the response to IFX was assessed 8 weeks after the first IFX therapy (13, 21). The specific information of the training and validation datasets we selected is shown in Table 1.


Table 1. The information of training/validation datasets.
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Identification of DEGs

A total of 104 DEGs were identified in the training dataset (Figure 2). The expression status of all DEGs is shown in the volcano plot, from which we can observe that most of the DEGs were downregulated in responders and upregulated in non-responders. Only six of them (HEPACAM2, C10orf99, HSD11B2, ADH1C, PKIB, and CHP2) were upregulated in responders and downregulated in non-responders.


[image: Figure 2]
FIGURE 2. The volcano plots of all DEGs in the training dataset. Blue and red spots represent downregulated and upregulated genes, respectively. A clear demarcation can be identified between upregulated genes and downregulated genes.




Functional Enrichment Analysis of DEGs in the Training Dataset

To further understand the functions and metabolic pathways associated with these DEGs, enrichment analysis was performed using Metascape. The Metascape analysis showed the top 20 clusters in which DEGs were significantly enriched (Figure 3). The top enriched gene ontology terms in biological process were “myeloid leukocyte activation,” and “leukocyte chemotaxis.” Interestingly, in KEGG pathway analysis, DEGs were mainly involved in the “IL-17 signaling pathway” and “JAK-STAT signaling pathway.” These enriched terms and pathways were upregulated in non-responders, and their inhibitors can be considered as alternative treatment strategies for these patients.


[image: Figure 3]
FIGURE 3. The results of gene functional enrichment analysis. (A) The network of the top 20 clusters of enriched terms. Cluster identity is represented by color, the similarity score is represented by the thickness of the edge, and terms with a similarity score > 0.3 are linked by an edge. (B) Heat map of the top 20 clusters. Cluster identity is represented by color; the smaller the P-value the deeper the color.




Top 30 DEGs Screened by RF

The expression data of 104 DEGs were included in the RF classifier (Figure 4A). The top 3 response-related genes were IL13RA2, TNFRSF11B, and STC1. Except for C10orf99 and ADH1C, the other 28 genes were downregulated in responders and upregulated in non-responders. The heat map (Figure 4B) shows the expression status of the top 30 DEGs.


[image: Figure 4]
FIGURE 4. The results of the top 30 genes screened by random forest. (A) The importance of the top 30 genes ranked by mean decrease of accuracy. (B) Heat map of the top 30 genes.




ANN-based Establishment of the mPS

The ANN algorithm was used to optimize the weight value of each gene after the expression data of the 30 DEGs were converted into “Gene Score.” The Gene Weight of each gene is shown in Table 2. The mPS was calculated by summation of “Gene Score” × “Gene Weight” for all 30 DEGs. Then, we set the mPS of 46 samples as predicted values and set the response of UC patients to IFX as true values. Using the ROCR package (R version 4.0.1), the AUC of our model was found to be 0.93, indicating that our model achieved outstanding predictive power (Figure 5A).


Table 2. The “Gene Weight” of top 30 DEGs in the training dataset.
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[image: Figure 5]
FIGURE 5. The ROC curve of the predictive model. (A) Training dataset. (B) Validation dataset.




Validation of the Predictive Model

An independent dataset (GSE23597) was used to test whether the model we built could predict the therapeutic effect of IFX in the training dataset as well as any other independent cohort. Similarly, we used RF to screen out the top 30 DEGs of the validation set. These DEGs were the same as those of the training set, demonstrating the scalability and robustness of RF. Then, we calculated the “Gene Score” and mPS of GSE23597 in the same way as the training set. The AUC of the validation model was 0.81, confirming the validity and stability of our model (Figure 5B).




DISCUSSION

Infliximab has demonstrated efficacy in the treatment of moderate to severe UC, achieving mucosal healing even in steroid-refractory patients (21). However, PNR to IFX emerges due to genetic factors, as it relates to disease pathogenesis and the mechanism of action of this type of therapy (22). It is necessary to develop a simple and effective method to rapidly identify UC patients who exhibit IFX PNR. In the present study, an innovative model was established and validated to predict PNR to IFX in UC patients on the basis of machine learning and a new clinical prediction scoring system called “mPS,” which has already proven useful in the prediction of malignant diseases.

Previous research on patients with inflammatory bowel disease (IBD) has identified several genes (IL13RA2, TNFRSF11B, STC1, IL-6, and IL-11) that constitute potential biomarkers that can identify patients with limited response to IFX, which is consistent with our study (12, 23). However, a systematic, robust, and reliable approach that can be applied to clinical decision-making has not yet been developed. In this study, we combined the strengths of machine learning techniques and mPS, not only to improve the statistical power of our predictive model, but also to transfer theoretical predictive gene panels for use in routine clinical practice. The main advantages of RF include its relatively good accuracy, robustness, and ease of use, allowing it to recognize the discriminative genes with the highest possible accuracy (24). High fault and failure tolerance, scalability, and consistent generalization ability are merits of ANN, making the model more stable and reliable (25). Therefore, our model is equipped with outstanding predictive power (AUC = 0.93) compared to another genetic model built by Bruke et al. (AUC = 0.87) (7). In addition, the mPS scoring system has proven to be simple, cost-effective, and excellent in recognizing heterogeneity among different subtypes (18). It converted complex gene expression values into simple clinical scores, so that the model can facilitate doctors in formulating a reasonable, personalized, and economical IFX regimen for UC patients.

Gene enrichment analysis of DEGs showed that most of the screened DEGs were involved in myeloid leukocyte activation and leukocyte chemotaxis. It has been reported that an increased abundance of leukocytes in non-responders promotes an increase in inflammatory macrophages, which secrete proinflammatory cytokines, including TNF-α (26). Therefore, vedolizumab, an inhibitor of α4β7 that blocks leukocyte traffic to the gut, can be used to treat non-responders as an alternative therapy. We also identified several pathways, such as the “IL-17 signaling pathway” and “JAK-STAT signaling pathway,” which were significantly enriched in the non-response group. IL-17 is involved in the induction and persistence of IBD mucosal inflammation (27). The JAK-STAT pathway is the main signal mechanism for a variety of cytokines and growth factors. It transmits extracellular cytokine stimulation signals to the nucleus, coordinates appropriate cellular responses through target gene expression, and is closely related to human inflammatory diseases (28–30). Inhibitors of Janus kinases, such as Tofacitinib or Filgotinib, can thus be considered alternative treatment options for IFX non-responders. Although increased level of IL-17 was detected in intestinal mucosa of patients with Crohn's disease and ulcerative colitis, IL-17 might be a predictor or protective factor for intestinal inflammation rather than therapeutic target due to the ineffectiveness in clinical trials of Crohn's disease (31, 32). The correct interpretation of gene enrichment analysis not only contributes to understanding the molecular mechanism of PNR, but also provides a scientific basis for the research and development of new alternative drugs.

Moreover, the gene signatures identified in this study seem to be predictive of secondary loss of response (LOR) to IFX as well. Although secondary LOR is commonly attributed to the formation of anti-TNF antibody, it does share several common risk factors with PNR such as high inflammatory burden, male gender and so on (33). In addition, our previous work has confirmed the value of TNFRSF1B in the prediction of secondary LOR to IFX in Crohn's disease, indicating that other predictive genes of PNR may be equally applicable to secondary LOR (34). In contrast to PNR, secondary LOR is generally accompanied by a lower serum level of IFX due to high levels of anti-TNF antibody stimulated by frequent infusion of IFX (35). Proactive monitoring drug concentration in patients with predictive gene signatures may be a good method to optimize therapy and prevent the occurrence of secondary LOR.

However, our study has several limitations. First, although our predictive model performed satisfactorily on the training and validation datasets, the sample size used to develop and validate the predictive model was relatively small. Second, the model was validated on a dataset from GEO. To make the model plausible, further bench experimental verification should be carried out. Third, the genetic model we built only applies to the identification of primary non-responders from responders in UC. Whether this model can be applied to predict the PNR of CD patient needs to be further vitrificated.



CONCLUSIONS

We established a predictive model based on machine learning techniques and an mPS scoring system that could be used to predict which UC patients will exhibit PNR to IFX, and validated this model with an independent cohort from the GEO database. Our study provides clinicians with a new treatment strategy that can improve therapeutic decision-making. The predictive genes and corresponding pathways identified in this model should be further studied to explore the molecular mechanisms underlying patient response to IFX.
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Background: Ulcerative colitis (UC) is characterized by refractory and recurrent mucosal inflammation, leading to a substantial healthcare burden. Diagnostic biomarkers predicting disease activity and treatment response remain elusive. To evaluate the application value of a novel neutrophil-based index (the neutrophil-to-albumin ratio, NAR) as a novel diagnostic biomarker in patients with UC and a predictive marker for disease activity and response to infliximab (IFX) therapy.

Methods: Clinical characteristics and laboratory parameters of enrolled subjects (patients with UC and healthy controls) were retrieved from the electronic medical record database of our hospital. Serum cytokine and fecal calprotectin levels were measured by enzyme-linked immunosorbent assay (ELISA). Mucosal expression levels of inflammatory agents were measured by quantitative RT-PCR (qRT-PCR).

Results: We found that NAR, which had not yet been explored in UC, was significantly increased in patients with UC (n = 146) compared to that in controls (n = 133) (1.95 ± 0.41 vs. 1.41 ± 0.23, p < 0.0001). NAR showed a positive association with the disease activity and inflammatory load in patients with UC. Pre-treatment NAR was significantly lower in IFX responders than that in non-responders (2.18 ± 0.29 vs. 2.44 ± 0.21, p = 0.0118), showing a significant ability to discriminate initial responders from primary non-responders to IFX induction therapy (AUC = 0.7866, p = 0.0076). Moreover, pre-treatment NAR predicted postinduction serum IFX trough level.

Conclusion: Our study provides evidences to utilize NAR in the diagnosis, activity monitoring, and IFX response prediction in patients with UC.

Keywords: ulcerative colitis, biomarker, inflammatory bowel disease, neutrophil, albumin, neutrophil-to-albumin ratio, infliximab


INTRODUCTION

Inflammatory bowel disease (IBD) is characterized by chronic and relapsing inflammation in the gastrointestinal tract, including two eminent forms, ulcerative colitis (UC) and Crohn's disease (CD). The prevalence of IBD is rapidly growing worldwide and rising health expenditures (1–4), leading to a substantial healthcare burden (5). In addition, IBD is medically refractory and has become a great clinical challenge.

Endoscopic biopsies have been recognized as the diagnostic gold standard in IBD. However, endoscopy has drawbacks that limit its application particularly in long-term follow-up, such as invasiveness, high cost, and inter-observer variability (6). In addition, patients may not tolerate endoscopic examinations very well and those who undergo endoscopy may complained embarrassment, discomfort caused by bowel preparation, and increased abdominal pain (7, 8).

Besides endoscopy, a panel of adjunctive serological biomarkers, which are much less-invasive, have been applied at nearly every point in the management of IBD. They have shown practical values to distinguish IBD from gastrointestinal functional disease, differentiate active from inactive status, and predict therapeutic effect, recurrence, prognosis (9).

Blood tests including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), fibrinogen, albumin, bilirubin, uric acid, auto-antibodies (e.g., anti-pTNP, ASCA antibodies) are widely utilized in IBD management (10–14), as well as fecal calprotectin and lactoferrin (15). Given the crucial role of neutrophils in the disease pathogenesis (16, 17), neutrophil-based indexes have been generated and applied in the IBD area (18–23). For example, the neutrophil-to-lymphocyte ratio (NLR) is easily accessible from routine blood tests for both inpatients and outpatients, and it has been strongly suggested as a valuable predictive marker to distinguish patients with IBD from non-IBD controls and differentiate disease activity in IBD (24).

Recently, the neutrophil-to-albumin ratio (NAR) has emerged as a sensitive index which indicates systemic inflammation and has been used in inflammatory, vascular diseases, and cancers (25–27). Since serum biochemical tests are also routine procedures to evaluate the nutritional status and screen renal/hepatobiliary dysfunctions in patients with IBD, NAR can be readily obtained for nearly any patient under care for IBD. However, to our best knowledge, this index has not yet been utilized in UC.

Therefore, we questioned whether NAR could be used as a reliable, non-invasive, and cost-effective biomarkers, regarding disease diagnosis, activity monitoring, or drug response prediction. In this study, we evaluated the application value of NAR as a diagnostic biomarker in patients with UC and a predictive marker for disease activity and response to infliximab (IFX) induction therapy.



METHODS


Participants

This prospective study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board for Clinical Research of Sichuan Provincial People's Hospital (No.201685, 2020204).

Patients with UC were consecutively recruited from the Department of Gastroenterology of Sichuan Provincial People's Hospital between January 2017 and December 2021. We also consecutively recruited non-IBD subjects, who underwent routine physical examinations in our hospital during the study. Participants enrolled in the current study were well-informed and signed an informed consent before participation. Patients with UC and controls were gender- and age-matched. Clinical characteristics and laboratory parameters of enrolled subjects were retrieved from the electronic medical record database of our hospital.

Exclusion criteria for both patients with UC and controls were as follows: smoking, excessive drinking, hematopoietic system disease, hepatobiliary disease, coagulation abnormalities, taking medications that can affect blood cell components or serum biochemistry profiles, hypertension, diabetes, infections, other systemic autoimmune diseases, other gastrointestinal diseases, and cancers. Demographics and clinical parameters of patients with UC (n = 146) and healthy controls (n = 133) were shown in Table 1.


Table 1. Demographics and clinical parameters of patients with UC and healthy controls.
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As reported previously (28, 29), the diagnosis of UC was performed according to the comprehensive analysis of medical history, clinical manifestations, radiological, endoscopic, and histological examinations, as well as laboratory tests. The Mayo score system was utilized to determine the disease activity in patients with UC. To detailedly evaluate mucosal disease activity, the ulcerative colitis endoscopic index of severity (UCEIS) system was used. The disease extent of UC was identified based on the Montreal classification.

Infliximab (IFX) induction therapy was administered as reported previously (28). Briefly, patients with UC were infused with IFX (5 mg/kg) at weeks 0, 2 and 6 for induction. Short-term response to IFX were evaluated at 12–14 weeks post the initial infusion, when serum IFX trough levels were determined. Response (complete or partial) or primary non-response was defined by the physicians. To determine the predictive value of NAR in IFX response, patients were subjected to complete blood cell and serum biochemistry tests within 1 week before the first infusion of IFX, and pre-treatment NAR was calculated.



Mucosal Inflammatory Agent Assessment

Mucosal biopsy tissues were collected during endoscopic examinations, immediately frozen in liquid nitrogen, and then sent to our laboratory for extended storage at −80°C. Total RNA was extracted from mucosal tissues using TRIzol reagent (Thermo Scientific). Reverse transcription for mRNA and microRNA (miR) were performed, respectively. Relative expression of cytokines and miR-301a was determined by qRT-PCR using a SYBR Green real-time PCR system (Invitrogen, CA, USA). The GAPDH and U6 expression levels were employed to normalize the expression of mRNA and miR, respectively (28).



Measurement of Serum Cytokine and Fecal Calprotectin

Serum and fecal samples were collected, processed within 1 h, and stored at −80°C. Enzyme-linked immunosorbent assay (ELISA) was performed as described previously (28, 29). All ELISA kits (TNF-α, IFN-γ, calprotectin) were purchased from BioLegend (San Diego, CA, USA) and utilized according to the manufacturer's instructions.



Statistical Analysis

Data are presented as mean ± SD when applicable. Chi-square test was performed to examine the difference of gender between patients with UC and controls. Comparisons between UC and controls regarding age and clinical parameters were performed by unpaired Student's t-test (two-tailed). The difference of NAR between IFX responders and primary non-responders was also examined by unpaired Student's t-test (two-tailed). The discriminating performance of a biomarker in indicated scenarios was determined by receiver operator curves (ROC) analysis. Correlations between two parameters were analyzed using Pearson's correlation analysis. p < 0.05 was set as statistically significant. All statistical analysis was performed using a Prism software Version 8.4 (Graphpad Software, San Diego, California, USA).




RESULTS


Demographics and Clinical Parameters of the Participants

In the current study, 146 patients with UC (female = 52, male = 94) and 133 healthy controls (female = 50, male = 83) were included (Table 1). The mean age of patients with UC and healthy control was 38.5 ± 9.8 and 37.2 ± 10.4 years old, respectively. The duration of disease in patients with UC was 35.4 ± 16.9 months. There were no significant differences between patients with UC and healthy control regarding the age (p = 0.2834) and gender (p = 0.7319). Disease extent of UC was identified according to the Montreal classification system.

Neutrophil percentages were determined by complete blood cell tests, and albumin levels were examined by serum biochemistry tests. In line with existing evidences (11), patients with UC, compared to healthy controls, displayed a significant increase in neutrophil percentages (69.66 ± 11.04 vs. 59.38 ± 8.52 %, p < 0.0001) and a decrease in serum albumin levels (36.80 ± 7.31 vs. 42.40 ± 2.57 g/L, p < 0.0001).

Next, we calculated NAR as the ratio of neutrophil percentages over serum albumin levels and found that NAR was up-regulated by 1.4-fold in patients with UC compared with in healthy controls (1.95 ± 0.41 vs. 1.41 ± 0.23, p < 0.0001).

In regard to the ability to discriminate UC from controls, we performed ROC analysis (Figure 1), showing that NAR had larger AUC (AUC = 0.8670) compared to neutrophil (AUC = 0.7750) or albumin (AUC = 0.7569) alone. Taken together, these data suggest that NAR could be a practical, rapid, and easily accessible biomarker for UC diagnosis.


[image: Figure 1]
FIGURE 1. Receiver operating characteristics (ROC) curve analysis. The performances of the neutrophil-to-albumin ratio (NAR), blood neutrophil percentages, and serum albumin levels to discriminate ulcerative colitis (UC) from controls were determined by ROC curve analysis. AUC, area under the ROC curve. p < 0.05 was considered significant. UC, n = 146; Controls, n = 133.




NAR Reflects Disease Activity in UC

Since NAR could be used as a diagnostic biomarker for UC, we moved forward to explore whether this marker was able to distinguish UC activity. We looked at the potential association between NAR and Mayo scores, and patients with higher NAR exhibited more severe disease activity (Figure 2A, Pearson r = 0.7032, p < 0.0001).


[image: Figure 2]
FIGURE 2. NAR reflects disease activity in UC. All enrolled patients with UC (n = 146) were subjected to disease activity evaluation by the Mayo score and the ulcerative colitis endoscopic index of severity (UCEIS) system. Associations between NAR and (A) Mayo score, and (B) UCEIS were examined. The correlation analysis was performed using Pearson's correlation. p < 0.05 was considered significant.


Additionally, mucosal healing has been highlighted in the management of IBD and amounts of evidences have stressed that patients with mucosal healing display a lower rate of hospitalization and better prognosis (30–33). Therefore, we also employed UCEIS, which had a high interobserver agreement rate (34, 35), as an additional system to detailedly investigate the correlation between NAR and the endoscopic activity of patients with UC. As shown in Figure 2B, NAR showed a positive association with mucosal disease activity (Pearson r = 0.6164, p < 0.0001).



Associations Between NAR and Inflammatory Load in Patients With UC

Both mucosal and systemic inflammatory conditions are related to disease severity in patients with UC, and higher inflammatory responses tend to indicate more severe disease activity and poorer drug responses (36). To this end, we first looked at serum inflammatory factors. CRP and ESR are the most commonly used disease activity biomarkers of IBD and up-regulated serum pro-inflammatory cytokines such as TNF-α and IFN-γ are hallmarks of IBD. We found that NAR was positively correlated with CRP, ESR, serum TNF-α and IFN-γ (Figures 3A–D), suggesting that NAR can be utilized as a marker reflecting the systemic inflammatory load in patients with UC.


[image: Figure 3]
FIGURE 3. Associations of NAR with inflammatory load in patients with UC. Correlation of NAR with (A) C-reactive protein (CRP) and (B) erythrocyte sedimentation rate (ESR). (A,B), n = 146. Serum (C) TNF-α and (D) IFN-γ protein levels were positively associated with NAR. (C,D), n = 122. (E) Fecal calprotectin levels (n = 66), mucosal (F) TNF-α, (G) IFN-γ, and (H) miR-301a relative expression levels positively correlated with NAR. (F–H), UC, n = 110; Controls, n = 75 (for gene relative expression calculation).


Subsequently, we examined associations between NAR and mucosal inflammatory responses. Since neutrophilic accumulation in the inflamed mucosa is intimately associated with the disease activity in UC, it has been suggested that detection of inflammatory proteins secreted by neutrophils in the feces may be a promising procedure for mucosal inflammation assessment (37). Fecal calprotectin is a neutrophil-derived protein that has been applied as a reliable screening tool for intestinal inflammation due to its sensitivity. As shown in Figure 3E, NAR correlated well with fecal calprotectin levels in UC.

Next, we analyzed mucosal expression of TNF- α and IFN- γ mRNA, both of which were also positively associated with NAR (Figures 3F,G). In addition, our previous studies have demonstrated that mucosal miR-301a is a useful biomarker for diagnosis and disease activity in UC (28, 29). Therefore, we employed mucosal expression of miR-301a as an inflammatory factor of patients with UC, which was positively associated with NAR (Figure 3H). Collectively, our findings demonstrate that NAR, which is more convenient and faster than cytokine and fecal protein measurement, might assist to evaluate the systemic and mucosal inflammatory load in patients with UC.



NAR Predicts Response to IFX in Patients With UC

The therapy for IBD has been revolutionized, thanks to biologics, especially anti-TNF agents (such as IFX), which are effective to induce and maintain remission in patients with both UC and CD. However, IFX does not work well in each patient, and about 65% of patients with UC respond to IFX induction therapy and the rate drops down to 45.5% during the maintenance therapy (38). Therefore, efforts have been made to identify reliable predictive biomarkers for both short- and long-term response to IFX.

To this end, we questioned whether NAR played as a predictor in this scenario. We enrolled 34 patients with UC, who were treated with IFX therapy (5 mg/kg at weeks 0, 2 and 6), including 23 responders (both complete or partial) and 11 with primary non-responders (evaluated at 12–14 weeks after the initial infusion). Patients were subjected to complete blood cell and serum biochemistry tests within 1 week before the first infusion of IFX, and pre-treatment NAR was calculated. As shown in Figure 4A, pre-treatment NAR was significantly lower in IFX responders than that in non-responders (2.18 ± 0.29 vs. 2.44 ± 0.21, p = 0.0118).
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FIGURE 4. NAR predicts short-term response to infliximab (IFX) in patients with UC. Patients with UC (n = 34) were infused with IFX (5 mg/kg) at weeks 0, 2 and 6 for induction. Short-term response to IFX were evaluated at 12–14 weeks post initial infusion. Patients were subjected to complete blood cell and serum biochemistry tests within 1 week before the first infusion of IFX, and pre-treatment NAR was calculated. (A) Comparison of pre-treatment NAR was performed between responders (complete and partial, n = 23) and primary non-responders (n = 11). *p < 0.05, unpaired Student's t-test (two-tailed). (B) The ability of NAR to discriminate IFX responders from primary non-responders were determined by ROC curve analysis. p < 0.05 was considered significant.


Next, we performed the receiver operating characteristics (ROC) curve analysis to determine the discriminative performance of NAR as predictors for response to IFX induction. NAR exhibited a significant ability to discriminate between initial responders and primary non-responders to IFX induction therapy (Figure 4B, AUC = 0.7866, p = 0.0076).



NAR Predicts Serum IFX Trough Level (SIFX TL) in Patients With UC

Since one contributing factor of primary non-response is low serum trough levels in IFX-treated patients (39, 40), and IFX clearance is accelerated in patients with high inflammatory load, causing insufficient clinical response (41, 42). As presented above, we demonstrated that NAR was a reflective marker of systemic and mucosal inflammatory conditions and higher NAR indicated lower rate of IFX response. Therefore, we sought to explore whether NAR was associated with postinduction sIFX TL. As shown in Figure 5, all 34 patients who received IFX therapy were grouped by quartiles of NAR and patients in quartiles 1 (≥ 1.67– < 2.11) exhibited significantly higher sIFX TL than those in other 3 quartiles. The lowest sIFX TL was observed in quartiles 4 (≥ 2.55), and no differences was found between quartiles 2 (≥ 2.11– < 2.31) and 3 (≥ 2.31– < 2.55). Collectively, these observations suggest that pre-treatment NAR might be a potential predictor for postinduction sIFX TL.
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FIGURE 5. Association between NAR and serum IFX trough level (sIFX TL) in patients with UC. All 34 patients who received IFX induction therapy were grouped by quartiles of NAR. Q1 (quartiles 1, n = 8): 1.67 ≤ NAR < 2.11; Q2 (quartiles 2, n = 9): 2.11 ≤ NAR < 2.31; Q3 (quartiles 3, n = 9): 2.31 ≤ NAR < 2.55; Q4 (quartiles 4, n = 8): 2.55 ≤ NAR. sIFX TL in each group were measured. **p < 0.01, ***p < 0.001. One-way ANOVA followed by Tukey's multiple comparisons test was performed and adjusted p-values were calculated.





DISCUSSION

In the current study, we analyzed the alterations of a novel neutrophil- and albumin-based biomarker in patients with UC, demonstrating that: (1) NAR was significantly up-regulated in patients with UC compared with that in controls; (2) NAR showed significantly positive associations with the disease activity and inflammatory load in UC; (3) higher pre-treatment NAR indicated lower rate of short-term response to IFX therapy in patients with UC; (4) pre-treatment NAR predicted postinduction sIFX TL. These observations prompt us to speculate that NAR may be a promising biomarker in the diagnosis, activity monitoring, and IFX response prediction in patients with UC.

Although endoscopic examinations are the most powerful tool that can directly identify the lesion extent, location, and inflammation activity, several limitations are noteworthy such as high cost, inconvenience, and invasiveness, making this procedure unsuitable for frequent, long-term surveillance of UC. Given the advantage of non-invasiveness, serological and fecal biomarkers that can accurately reflect the gastrointestinal mucosal inflammatory status have become a resurgent interest in the IBD area (10).

To date, a number of such biomarkers have been reported (6, 43). As the most commonly used biomarkers, both CPR and ESR are rapid, easily-measured, and sensitive in the assessment of IBD activity. However, they are not disease specific and rise fast under conditions other than IBD (tissue necrosis, infection, or other causes), which largely limits their practical significance (15).

Fecal calprotectin is now one of the most sensitive biological indicators for discriminating IBD from bowel dysfunction, and the endoscopically active from the inactive (37). However, for some patients, stool-based tests might not be their first choice, probably related to a reluctance to collect and process fecal samples or high cost. Therefore, rapid, convenient, inexpensive, standardized, and reproducible blood-based tests may be a preferable option for most patients who need long-term monitoring.

Complete blood cell and serum biochemical tests are two most common routine examinations for the management of both inpatients and out patients with IBD. In the current study, we employed a newly-identified index calculated as the ratio of neutrophil percentages (from complete blood cell tests) over serum albumin levels (from serum biochemical tests). Since excessive mucosal neutrophil infiltration is a remarkable feature of UC, which plays a crucial role in crypt abscesses and cryptitis, patients with mucosal histologic normalization display better clinical outcomes (44).

On the other hand, patients with IBD usually present nutritional deficiency, which leads to hypoalbuminemia. Moreover, albumin has been reported to have powerful antioxidant properties and could serve as serum biomarkers in oxidative stress/inflammation-associated disorders (45). It has been reported that patients with IBD have lower levels of serum albumin, and hypoproteinemia might reduce therapeutic efficiencies of biologics (46). In the current study, we identified a novel neutrophil- and albumin-based index NAR was significantly increased in patients with UC compared to that in healthy controls. More notably, NAR served as a reliable marker to reflect endoscopic activity and mucosal inflammatory responses in patients with UC.

Anti-tumor necrosis factor (TNF) therapies have revolutionized the treatment of patients with IBD. Particularly, IFX, as the most-investigated anti-TNF agent, is effective for induction and maintenance of clinical remission and mucosal healing in patients with moderate-to-severe UC, who have lower hospitalization and colectomy rates during follow-up compared to placebo-controls (38). However, about a third of IFX-treated patients with IBD fail to show significant clinical benefit after the induction therapy (14 weeks after the initiation infusion), which is called “primary non-response” (40). Furthermore, secondary non-response during the first year of maintenance therapy can be found in ~40% of patients (47).

Since IFX does not work in all patients and has possibilities of major adverse effects, as well as high expense, it is important to develop predictive biomarkers for the loss of response in patients. Progress has been made in this research field and a panel of biomarkers have been identified, such as patient-related (age, weight, smoke, et al.) and disease-related (disease duration, CRP, albumin, et al.) (46). Regrettably, most markers have not shown practical application and many others remain controversial (46). Here, we found that NAR, which integrated neutrophils and albumin, showed significant abilities to discriminate IFX responders from primary non-responders, providing a new approach for clinical practice.

A number of evidences have suggested that the loss of response to IFX correlates with low levels of serum IFX trough levels (41). In the current study, we observed that patients with higher pre-treatment NAR had lower serum IFX trough concentration. It has been reported that patients in high inflammatory status may have a higher rate of IFX clearance, leading to both insufficient clinical response and development of antibodies toward IFX (ATI) (42, 48, 49). We here demonstrated a role of NAR as an indicator for both systemic and mucosal inflammatory load and patients with more severe UC displayed higher NAR, which might promote IFX clearance and explain their loss of response to this agent.

In summary, we found a novel neutrophil- and albumin-based index NAR was significantly elevated in patients with UC, and showed satisfactory performance in the assessment of disease activity and inflammatory load. In note, NAR displayed predictive values of primary response to IFX induction therapy in patients with UC. Despite these findings, several issues need to be addressed in the following studies: studies with large sample sizes are needed to verify our current observations; whether NAR could be used in long-term follow-up to predict secondary non-response to IFX; the practical significance of NAR for other biologics (such as Vedolizumab and Ustekinumab) need to be investigated. Nevertheless, the current study provides evidences to utilize NAR in the diagnosis, activity monitoring, and IFX response prediction in patients with UC.
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This study investigated the predictive value of narrow-band imaging (NBI) endoscopic staging of different mucosal vascular patterns (MVPs) in patients with ulcerative colitis (UC) for histological healing or clinical recurrence of patients with UC. A total of 124 patients with UC in clinical remission attending the First Affiliated Hospital of Weifang Medical College were included in the study and underwent NBI colonoscopy. Inflammatory activity was assessed in the intestine using the Mayo endoscopic score (MES) and the MVP. Mucosal inflammation was histologically graded using the Nancy index (NI). The colons of 124 patients with UC were staged according to NBI endoscopic MVP staging criteria. The differences between NBI colonoscopy MVP typing and white light endoscopic MES in assessing histological healing (HH) were statistically significant (p < 0.001), and there was a moderate correlation between MES and the degree of HH (r = 0.471, p < 0.001). In addition, there was a significant correlation between the severity of mucosal activity determined by white light endoscopy (WLE) and MVP staging (r = 0.811, p < 0.001). The differences between NBI endoscopic MVP staging and white light endoscopic MES in assessing UC recurrence were statistically significant (p < 0.001). Spearman's correlation analysis showed a moderate correlation between NBI endoscopic MVP staging and clinical recurrence. NBI endoscopic MVP staging can predict HH and clinical recurrence status better than WLE.

Keywords: high-definition endoscopy, ulcerative colitis, recurrence, narrow-band optical imaging, histological healing


INTRODUCTION

Inflammatory bowel disease, such as Crohn's disease and ulcerative colitis (UC), is a chronic inflammatory disorder of the gastrointestinal tract. Multiple variables are thought to be implicated in the pathogenesis via the activation of mucosal immune responses in gut-associated lymphoid tissues, such as intestinal microbiota, dietary antigens, and other environmental elements (1). Long-term treatment goals have changed from symptom control to endoscopic mucosal healing with clinical remission in recent years (2). However, several reports have shown that mucosa that had seemingly healed still had a slight histologically defined inflammation and the possibility of relapse (3). Therefore, histological remission becomes the next therapy objective after endoscopic mucosal healing and has given rise to the new concept of “disease clearance,” which includes clinical, endoscopic, and microscopic remission (4).

Endoscopy is essential for evaluating disease activity and the efficacy of treatment interventions in UC. There are several different scoring systems for the endoscopic evaluation of UC severity. The Mayo scoring system is commonly used, and Mayo scores of both 0 and 1 are defined as mucosal healing (5). Narrow-band imaging (NBI) is an image-enhanced endoscope-based approach to enhance the fine structure of the mucosa without the use of dyes. In addition, NBI can visualize subtle changes in the mucosa and the distribution of abnormal blood vessels (6). Accordingly, NBI colonoscopy might be a valuable tool to assess mucosal angiogenesis according to the mucosal vascular pattern (MVP) in UC (7). However, there seem to be few investigations into the relationship between MVP based on NBI colonoscopy and histological assessment in UC.

This study aims to establish the performance of and relationship between NBI and white light endoscopy (WLE) assessments in patients with UC and their association with histological healing (HH). Furthermore, we wanted to evaluate whether endoscopic pictures of MVP obtained by NBI are a predictor of clinical outcomes.



MATERIALS AND METHODS


Patients

This study was conducted at the First Affiliated Hospital of Weifang Medical College between January 2018 and December 2020 in patients with an established diagnosis of UC. The extent of UC was determined by colonoscopy, and the UC disease activity was assessed according to the Mayo score. Patients were examined by NBI colonoscopy with biopsy and had signed informed consent for colonoscopy.



Instrument

Each patient underwent a colonoscopy with an endoscope (CF-H290AI; Olympus, Tokyo, Japan), using a prototype of the NBI system (Elvis CV-290; Olympus, Tokyo, Japan).



Study Procedure

Total colonoscopy in 124 patients with UC was performed with WLE and NBI to observe the mucosa of each segment of the colorectum. The colorectum was divided into six segments for assessment, defined as the cecum, ascending colon, transverse colon, descending colon, sigmoid colon, and rectum. From the same lesions observed by WLE and NBI, targeted biopsies of the most inflamed area assessed by colonoscopy were obtained and analyzed.

We first defined the NBI findings into three categories, as described below. The WLE and NBI findings were compared, with the white light images being divided into two groups: mucosal healing or not. We first assessed this to determine if the standard white light classification can predict NBI findings, which seemed only to be able to indicate mucosal healing. Then, the pathological results from all of the biopsy specimens were compared with the NBI findings to assess the relationship between imaging and pathological activity.

The relationships between the NBI findings at initial ileocolonoscopy and 1-year follow-up clinical outcomes were assessed to reveal the different prognoses for the NBI findings.

Patients were followed until the end of the study in 2020 or recurrence. Recurrence was defined as a Mayo endoscopic score (MES) ≥ 2, therapy to induce remission, hospitalization, or colectomy (8).



Endoscopic Assessment

All WLE and NBI images from all target areas were randomly assigned to two experienced endoscopists who were unfamiliar with the clinical data. If there was a disagreement, an agreement was reached through negotiation. The endoscopic activity under WLE was classified into four degrees of severity, from 0 to 3 (0: inactive, 1: mild, 2: moderate, and 3: severe) according to MES (9).

When NBI colonoscopy demonstrated clear intramucosal capillaries, the MVP was defined as clear. When NBI failed to reveal a clear vascular network or blurry image, it was regarded as obscure. In areas where the intramucosal vessels were invisible under NBI, the MVP was regarded as absent. Based on this protocol, the MVPs were classified into three types: clear, obscure, or absent (10) (Figure 1).


[image: Figure 1]
FIGURE 1. Classification of the narrow-band imaging (NBI) findings: (A) clear; (B) obscure; and (C) absent.




Histological Assessment

All histologic specimens from colonoscopy were reviewed by a single senior gastrointestinal pathologist who was blinded to the outcome of interest. The site with the most histologically active disease was scored according to the Nancy index (NI) (11). The individual components of the NI were recorded for each patient: no significant histological disease (Grade 0), chronic inflammatory infiltrate with no acute inflammatory infiltrate (Grade 1), mildly active disease (Grade 2), moderately active disease (Grade 3), or severely active disease (Grade 4). We defined histological inactivity for grades 0 and 1 and histological activity for grades 2–4 (11) (Figure 2). The worst score obtained was considered if different NI classifications were obtained from the different segments of the colon.


[image: Figure 2]
FIGURE 2. Histological assessment of Nancy index (NI): (A) no significant histological disease (Grade 0); (B) chronic inflammatory infiltrate with no acute inflammatory infiltrate (Grade 1); (C) mildly active disease (Grade 2); (D) moderately active disease (Grade 3); and (E) severely active disease (Grade 4).




Outcomes

Clinical outcomes at follow-up were specified as (1) hospitalization as a result of UC relapse, (2) colectomy, or (3) initiation or changes in medical therapy, such as steroids, immunomodulators, and biologics, due to UC relapse. The recorded notes of all patients were reviewed to record these clinical outcome events, with telephone calls made to clarify any uncertainty, 12 months after the colonoscopy procedure.



Statistical Analysis

All statistical analyses were performed using the IBM SPSS Statistics 26 software package (IBM, New York, NY, USA). Continuous data are presented using the mean and SD, whereas proportions and percentages are used to describe discrete variables. Wilcoxon Mann–Whitney U-tests and Kruskal–Wallis tests were used for non-parametric values, and one-way analysis of variance (ANOVA) was used for the parametric values. For correlations, Spearman's rank correlation coefficient was used. The predictive power of the diagnostic model was evaluated using receiver operating characteristics (ROCs) analysis, and the cut-off value was obtained when the Youden index reached the maximum. Sensitivity, specificity, and area under the ROC curve (AUC) were used to assess the prediction accuracy. A two-tailed p-value < 0.05 was defined as statistically significant. A biomedical statistician reviewed the statistical methods of this study.




RESULTS


Clinical Characteristics of Patients

We obtained clinical data, endoscopic scores, and histological scores from 124 patients with UC (52 men [M]; 41.9%) who underwent colonoscopy and were recruited for this study. Clinical characteristics are shown in Table 1. Based on the colonoscopy and Mayo score, the extent and activity of the disease were determined.


Table 1. Clinical characteristics of patients with ulcerative colitis (UC).
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NBI Colonoscopy Findings in UC

A total of 124 colorectal segments from 124 patients with UC were analyzed. Under NBI colonoscopy, 37 segments were determined as having a clear MVP, 57 segments were judged as having an obscure MVP, and 30 segments had an absent MVP (Table 2).


Table 2. Colonoscopy findings in patients with UC.
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Correlation Between MVP and MES

The relationship between MVP and MES is depicted in Table 3. In the clear pattern group, 89.2% (33/37) of the segments were identified as having an MES of ≤ 1 and 10.8% (4/37) had an MES of 3. In the obscure pattern group, 3.5% (2/57) of the segments were identified as having an MES of ≤ 1, 94.7% (54/57) had an MES of 2, and 1.8% (1/57) had an MES of 3. In the absence of a pattern, 20% (6/30) of the segments were identified as having an MES of 2, and 80% (24/30) had an MES of 3. It was shown that the MVP correlated well with MES (r = 0.811, p < 0.001) (Table 3).


Table 3. Correlation between MVP and Mayo endoscopic score (MES).
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NBI Findings and Histology

The histological findings from the examined lesions are shown in Table 4. We defined HH as a NI ≤ 1 and histological activity as an NI > 1. Lesions classified as NBI Clear (29/37 showing HH: 78.4%) rarely showed activity on histology. On the contrary, those classified as NBI Obscure (14/57 showing HH: 24.7%) or NBI Absent (0/30 showing HH: 0%) indicated histological activity. There was a significant correlation between NBI findings and histological findings (r = 0.614, p < 0.001).


Table 4. Correlation between the degree of inflammation identified by Nancy index (NI) and endoscopy score.

[image: Table 4]

In the HH group, 60.5% (26/43) of the segments were identified as having an MES of ≤ 1, 30.2% (13/43) had an MES of 2, and 9.3% (4/43) had an MES of 3. In the histological activity group, 11.1% (9/81) of the segments were identified as having an MES of ≤ 1, 58.0% (47/81) had an MES of 2, and 30.9% (25/81) had an MES of 3. There was a significant correlation between WLE classification and histological findings (r = 0.471, p < 0.001) (Table 4).



Clinical Relapse in NBI and WLE

During the 12-month follow-up period, 75 patients (60.5%) experienced a clinical relapse. The association between endoscopic activity scores and clinical relapse during the follow-up period is shown in Table 5.


Table 5. Clinical relapse by endoscopic score.
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The time to relapse was significantly different between MES in our cohort. In patients with 1-year relapse, 11 patients (14.7%) had an MES of 0/1, 40 patients (53.3%) had an MES of 2, and 24 patients (32.0%) had an MES of 3. However, there was a low correlation between WLE and histological findings (r = 0.383, p < 0.001). Considering MVP, 10 (13.3%) patients with a clear pattern, 37 patients (49.3%) with an obscure pattern, and 28 patients (37.4%) with an absence of pattern suffered a relapse. There was a significant correlation between NBI and histological findings (r = 0.5, p < 0.001).



NBI and WLE and HH in UC

Narrow-band imaging has an AUC of 0.848, a sensitivity of 0.901, a specificity of 0.901, and a 95% confidence interval (CI) (0.779–0.971) to predict HH. WLE has an AUC of 0.766, a sensitivity of 0.889, a specificity of 0.605, and a 95% CI (0.674–0.859) to predict HH (Table 6, Figure 3). All AUC values were higher than 0.7, suggesting that NBI has a good predictive ability to distinguish the HH group from the other groups.


Table 6. Area under the receiver operating characteristic (ROC) curve (AUC), sensitivity, specificity, and Youden index for defined endoscopic and histological healing (HH) in patients with UC.
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[image: Figure 3]
FIGURE 3. Receiver operating characteristic (ROC) curves of histological healing (HH) assessed with white light endoscopy (WLE) and NBI in patients with UC.




NBI and WLE and Clinical Recurrence in UC

Narrow-band imaging has an AUC of 0.775, a sensitivity of 0.867, a specificity of 0.551, and a 95% CI (0.692–0.858) to predict clinical recurrence. WLE has an AUC of 0.710, a sensitivity of 0.853, a specificity of 0.490, and a 95% CI (0.616–0.803) to predict HH (Table 7, Figure 4). All AUC values were higher than 0.7, suggesting that NBI has a good predictive ability to distinguish the clinical recurrence group from the other groups.


Table 7. Area under an ROC curve, sensitivity, specificity, and Youden index for defined endoscopic and clinical recurrence in patients with UC.
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FIGURE 4. Receiver operating characteristic curves of clinical recurrence assessed with WLE and NBI in patients with UC.





DISCUSSION

With the deepening of research and the emergence of various treatment measures, the treatment goal of UC has evolved from clinical remission to endoscopic remission, an absence of inflammatory activity (12). Histological disease activity is considered a predictor of early clinical relapse in patients with UC (13). Therefore, endoscopy plays an important role in determining the severity of inflammation in bowel wall tissue and is critical for monitoring and treating the disease. MES based on WLE assessment is widely used as an objective method to describe the extent of endoscopic activity in UC and has been shown to have a significant overall correlation with histologic severity (14). However, a recent study shows that the endoscopic NBI technique can effectively assess inflammatory activity in UC (15). In comparison with WLE colonoscopy, NBI colonoscopy may be more effective in evaluating locations of inflammation in UC due to greater visualization of the mucosal surface and vascular patterns. At present, it is still uncertain whether MVP based on NBI or MES based on WLE may predict mucosal inflammation and disease recurrence. In our study, we compared the capabilities of NBI colonoscopy with those of WLE for assessing histological activity and prognosis in UC, and the results indicate that NBI provides a better assessment of clinical prognosis and prediction of histology.

Narrow-band imaging is useful in the diagnosis of dysplastic lesions in patients with UC. However, its value for predicting clinical outcomes and HH remains unknown. Sasanuma et al. (16) reported that NBI findings of the colonic mucosa correlated well with histologic activity and discussed their potential to predict endoscopic relapse. In this study, we classified the MVPs of colorectal segments from patients with UC into three pattern types (clear, obscure, or absent) using NBI colonoscopy. The evidence from this study suggests that a clear pattern determined with NBI is a feature of non-recurrence. In patients with a clear pattern, 73.0% (27/37) had no recurrence. Other patterns have a high recurrence rate. In addition, Spearman's correlation analysis suggests a greater degree of correlation between NBI and HH compared with WLE. Because of the strong concordance between NBI and histopathological findings, the number of biopsies can be reduced to some extent, improving the accuracy of biopsies and reducing complications, such as bleeding and perforation.

Our data using NBI of the colonic mucosa suggest that UC relapse may be predicted by vascular changes and mucosal findings. We found that NBI is different from WLE in several respects. Our study showed that NBI is a better predictor of histological activity than WLE. NBI, with an AUC of 0.848 using ROC analysis, has a good capability to predict HH. The sensitivity and specificity of the diagnosing model were 90.1 and 67.4%, respectively, and our study showed that NBI is a better predictor of clinical recurrence than WLE. NBI, with an AUC of 0.775 using ROC analysis, has a good capability to predict clinical recurrence. Therefore, we conclude that NBI correlates with HH and could be a better predictor of clinical recurrence than WLE. The vascular changes and mucosal findings may be due to active inflammation; NBI can better assess vascular change and mucosal findings.

This study has some limitations. First, the sample size is small and from a single center. Second, the follow-up period in patients with UC was relatively short. Further, the correlation between NBI and other endoscopy scores, such as Ulcerative Colitis Endoscopic Index of Severity (UCEIS), was not analyzed. Studies need to be carried out to validate NBI-predicted clinical recurrence in patients with an MES of 1 or 0. To further corroborate our results, prospective multicenter studies involving larger samples, lesions with dysplasia, and comparison of patients with UC are required.

In conclusion, the MVP based on NBI colonoscopy correlates well with the MES based on WLE in patients with UC. Moreover, MVP determined with NBI is a more useful method for predicting HH and clinical recurrence than MES determined with WLE in patients with UC. In the future, NBI will be performed even in patients with normal mucosa on endoscopy, especially in cases of vascular obscuration.
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Background: This study aims to consolidate evidence from published systematic reviews and meta-analyses evaluating the diagnostic performances of non-invasive tests for inflammatory bowel disease (IBD) in various clinical conditions and age groups.

Methods: Two independent reviewers systematically identified and appraised systematic reviews and meta-analyses assessing the diagnostic utility of non-invasive tests for IBD. Each association was categorized as adults, children, and mixed population, based on the age ranges of patients included in the primary studies. We classified clinical scenarios into diagnosis, activity assessment, and predicting recurrence.

Results: In total, 106 assessments from 43 reviews were included, with 17 non-invasive tests. Fecal calprotectin (FC) and fecal lactoferrin (FL) were the most sensitive for distinguishing IBD from non-IBD. However, anti-neutrophil cytoplasmic antibodies (ANCA) and FL were the most specific for it. FC and FL were the most sensitive and specific tests, respectively, to distinguish IBD from irritable bowel syndrome (IBS). Anti-Saccharomyces cerevisiae antibodies (ASCA), IgA, were the best test to distinguish Crohn’s disease (CD) from ulcerative colitis (UC). Interferon-γ release assay was the best test to distinguish CD from intestinal tuberculosis (ITB). Ultrasound (US) and magnetic resonance enterography (MRE) were both sensitive and specific for disease activity, along with the high sensitivity of FC. Small intestine contrast ultrasonography (SICUS) had the highest sensitivity, and FC had the highest specificity for operative CD recurrence.

Conclusion: In this umbrella review, we summarized the diagnostic performance of non-invasive tests for IBD in various clinical conditions and age groups. Clinicians can use the suggested non-invasive test depending on the appropriate clinical situation in IBD patients.

Keywords: inflammatory bowel disease, non-invasive tests, diagnostic performance, Crohn’s disease, ulcerative colitis


INTRODUCTION

Inflammatory bowel diseases (IBD) [Crohn’s disease (CD) and ulcerative colitis (UC)] are idiopathic disorders causing inflammation of the gastrointestinal tract. IBD is emerging as a globally important disease with increasing incidence. Although incidence has started to relatively stabilize in western countries, the disease burden remains high as prevalence surpasses 0.3% (1).

Gastrointestinal endoscopy has remained a reference standard but invasive test for the diagnosis, management, prognostics, and surveillance of IBD. However, endoscopy can be associated with considerable cost, risk, and burden to patients and healthcare systems, and it is the lowest acceptable tool for patients (2).

Accurate non-invasive tests such as biomarkers and radiological examinations would be ideal (3, 4). Several promising non-invasive tests that could fulfill this role, including fecal calprotectin (FC) (5) and ultrasound (US) (6), have been studied. Despite many studies assessing the diagnostic performance of non-invasive tests for IBD, to the best of our knowledge, there has been no systematic effort to summarize and critically appraise this body of evidence. Therefore, we performed an umbrella review of meta-analyses, based on different clinical conditions (including diagnosis, activity assessment, and recurrence) and age groups (children, adults, and mixed population), to provide a comprehensive synopsis of the diagnostic performance and validity of reported non-invasive tests for IBD.



METHODS


Search Strategy

Two reviewers (J-TS and Z-QW) independently searched PubMed, Embase, Web of Science, and Cochrane Library databases from inception to 16 April 2020. The search was limited to systematic reviews and meta-analyses without language restrictions. Supplementary Appendix 1 provides a detailed search strategy.



Study Selection and Data Extraction

Systematic reviews or meta-analyses meeting the following criteria were included: it described the conduct of the systematic review in adequate detail, and an attempt was made to identify all of the relevant primary studies in at least one database with provided search strategy and quality appraisal of the primary studies (7). Guidelines, narrative reviews, literature reviews, genetic studies, protocol, conference abstracts, and reviews assessing scoring indices were excluded.

Two reviewers (J-TS and Z-QW) independently carried out the study selection and data extraction from the eligible articles. Extracted data included author, year of publication, number of participants, number and type of studies included, appraisal instrument used, reference standard, outcomes assessed, heterogeneity, and study findings.



Quality Assessment

The methodological quality of included reviews was assessed independently by J-TS and Z-QW using the online AMSTAR 2 (A Measurement Tool to Assess Systematic Reviews) checklist (8). AMSTAR 2 is a validated and reliable quality measurement tool for systematic reviews, with 16 domains. Seven of these domains are considered critical. Shortcomings in any of the critical domains could affect the overall validity of a review. It results in an assessment of the methodologic quality as 1 of 2 grades: high, moderate, low, or critically low (9).



Identification of Age Groups

Based on the age ranges of primary studies included, associations can be categorized as adults, children, and mixed population. We defined children as under the age of 18 years (10). If a systematic review purporting to assess the accuracy in adults included people younger than 18 years, it would be classified as a mixed population. Supplementary Appendix 2 presents the process of identifying age groups.



Overlapping and Outdated Associations

Associations in two or more reviews overlapped if they evaluated the same test in the same clinical condition and same age group. Incorporating results of overlapping reviews could lead to double inclusion resulting in biased findings and estimates (11, 12). In addition, up to 50% of published systematic reviews were considered out of date after 5.5 years. Therefore, we categorized overlapping systematic reviews as outdated (published before October 2015) and contemporary (published after October 2015).

For contemporary reviews found to have overlapping assessments, we generated a graphical cross-tabulation (citation matrix) of the overlapping reviews (in columns) and the included primary studies (in rows) (13). Corrected covered area (CCA) was a validated method to quantify the degree of overlap between two or more reviews. We used a citation matrix to calculate CCA. According to CCA, the overlap can be categorized as very high (CCA > 15%), high (CCA 11–15%), moderate (CCA 6–10%), or slight (CCA 0–5%) (14).

In all the systematic reviews that met the inclusion criteria, all non-overlapping reviews were included. A rigorous management tool was used for the overlapping reviews. Supplementary Appendix 3 shows the citation matrices for all overlapping studies. Supplementary Appendix 4 presents the management of overlapping reviews.



Data Synthesis

Systematic reviews that met the inclusion criteria formed the unit of analysis. Only data available from systematic reviews were presented. Results from systematic reviews were synthesized with a narrative synthesis, with a tabular presentation of findings and forest plots for studies that performed a meta-analysis. Summary tables describing review characteristics and findings were also presented.



Update of Eligible Reviews

We used the framework recommended by Garner et al. (15) to determine whether an update was necessary. An existing review qualified for an update if all of the following were met:


•The review achieved at least a moderate rating with the AMSTAR 2 quality assessment tool (9).

•A focused or abbreviated search of primary studies using the key search terms from the search strategy of an existing review to identify newly published studies that met the inclusion criteria of the review.

•The findings from newly published studies would change the conclusion or credibility of the review.



Supplementary Appendix 5 describes the search strategy used to identify newly published studies. YXZ and YHS initially screened the eligible newly published studies. Full-text screening and data extracting were accomplished by JTS and ZQW.

With findings from newly published studies, we relied on statistical methods using the bivariate model (16) to pool the data from newly published studies with the data from the original meta-analysis (17) (for meta-analyses) and discussion with senior authors (for reviews without meta-analyses) to determine whether a full update of the existing review was needed (18).

If an update was considered necessary, the original methods used in the conduct of the existing review were replicated. Supplementary Appendix 6 summarizes the evaluation process for considering reviews for updates adapted from Ahmadzai et al. (19).




RESULTS


Literature Search

The search retrieved 1,897 articles. After removing duplicates and screening titles and abstracts, 113 articles qualified for full-text screening. Seven outdated reviews were further excluded. Finally, 46 reviews were included. Supplementary Appendix 7 summarizes the study selection process with accurate numbers of studies. Supplementary Appendix 8 provides the list of excluded studies with reasons for exclusion.



Methodological Quality

Twenty-two reviews (5, 6, 10, 20–38) were rated as moderate in quality, and twenty-three reviews (39–60) were rated as low, while one review (61) was rated as critically low in quality (Supplementary Appendix 9). In the seven critical domains, most low-quality reviews had not stated that the methods were established before conducting the study.



Overlapping and Non-overlapping Assessment

Seventeen reviews reported overlapping assessment (5, 6, 29, 32, 36, 37, 46, 49–52, 54, 58, 59, 61–63). Supplementary Appendix 10 describes the general characteristics of overlapping reviews, including the decision to retain or exclude an assessment. Supplementary Appendix 3 provides the citation matrices for overlapping reviews to assess the degree of overlap. Supplementary Appendix 11 lists forty-six reviews with non-overlapping assessments that were included and one contemporary review that was excluded because of overlap.



Study Characteristics of Reviews With Non-overlapping Assessments

Non-invasive tests for IBD assessed in the included reviews were FC, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), platelet count (PLT), hemoglobin (Hb), albumin (Alb), ASCA, anti-neutrophil cytoplasmic antibodies (ANCA), fecal lactoferrin (FL), US, computed tomography (CT), magnetic resonance imaging enterography (MRE), scintigraphy, autoantibodies-to-glycoprotein-2 (AntiGP2), interferon-γ release assays (IGRA), fecal immunochemical (FIT), microRNA, and S90A12. Of the 46 reviews included, 43 conducted meta-analyses. Supplementary Table 1 summarizes the general characteristics of the reviews and meta-analyses included in the umbrella review.



Summary Findings

Table 1 shows the diagnostic utility of non-invasive tests for IBD in different clinical scenarios and age groups. Tables 2, 3 show the diagnostic utility of non-invasive tests for CD and UC, respectively. The clinical scenarios include diagnosis (IBD vs. non-IBD), diagnosis (IBD vs. IBS), diagnosis (IBD vs. FGID, functional gastrointestinal disorders), diagnosis (CD vs. ITB, intestinal tuberculosis), diagnosis (CD vs. UC), activity assessment, and recurrence. Figure 1 presents the forest plots of sensitivity (Se) and specificity (Sp) of non-invasive tests for IBD. Figures 2, 3 present the forest plots for CD and UC, respectively. Supplementary Tables 2, 3 show the findings of meta-analyses and narrative synthesis from systematic reviews.


TABLE 1. Summary findings for each non-invasive tests and diagnostic performance (IBD).
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TABLE 2. Summary findings for each non-invasive tests and diagnostic performance (CD).
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TABLE 3. Summary findings for each non-invasive tests and diagnostic performance (UC).
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FIGURE 1. Forest plots of sensitivity and specificity of non-invasive tests for inflammatory bowel disease from meta-analyses. CI, confidence interval. *Age range: 0.8–19.9, †age range: 14–90.
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FIGURE 2. Forest plots of sensitivity and specificity of non-invasive tests for Crohn’s disease from meta-analyses. CI, confidence interval.
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FIGURE 3. Forest plots of sensitivity and specificity of non-invasive tests for ulcerative colitis from meta-analyses. CI, confidence interval.




Diagnosis: Inflammatory Bowel Disease vs. Non-inflammatory Bowel Disease


Mixed Population

For IBD, FC was the most sensitive test with a sensitivity of 0.99 (0.92–1.00) (46). ANCA showed the highest specificity 0.971 (0.964–0.977) (20). The sensitivity and specificity of CT, FL, and microRNA were both balanced (41, 44). The other tests performed well in specificity but poorly in sensitivity, including US, ESR, CRP, PLT, Alb, Hb, and ASCA (20, 46).

For UC, FL had both the best sensitivity (0.82; 0.67–0.91) and the best specificity (1.00; 0.67–1.00) (44). The other biomarkers were FC (Se, 0.78; 0.69–0.86/Sp, 0.78; 0.70–0.84) (21), and ANCA (Se, 0.522/Sp, 0.99) (64).

For CD, FC showed the highest sensitivity: 0.95 (0.92–0.97) (21). FL showed the highest specificity: 1.00 (0.50–1.00) (44). Also, the specificity of anti-GP2 was good (49).



Adults

For IBD, only FC was performed with Se of 0.825 (0.661–0.920) and Sp of 0.900 (0.573–0.984) (5). For UC, there was a review showing that the Se and Sp for ANCA IgG were 0.67 (0.54–0.79) and 0.85 (0.70–0.94), respectively (39).



Children

For IBD, FC with a cutoff of 50 μg/g showed the highest AUC of 0.96 (21). The AUCs of other biomarkers [FC, CRP, ESR, PLT, Hb, and Alb (30)] ranged from 0.76 to 0.95. One review presented results of US from three primary studies: sensitivity range from 0.39 to 0.55 and specificity range from 0.90 to 1.00 (35).

For CD, FC with a cutoff of 100 μg/g performed best with a sensitivity of 1.00 (0.93–1.00) and specificity of 0.98 (0.93–1.00) (21). MRE (Se, 0.84; 0.77–0.90/Sp, 0.97; 0.91–0.99) (22) also performed well in SBCD.




Diagnosis: Inflammatory Bowel Disease vs. Irritable Bowel Syndrome


Mixed Population

For IBD, FC with a cutoff of 50 μg/g was the most sensitive test with a sensitivity of 0.97 (0.91–0.99) (52). As for specificity, FL was the best: 0.94 (0.91–0.96) (24). One review presented the diagnostic performance of fecal S100A12 (Se, 0.86; 0.73–0.94/Sp, 0.96; 0.79–0.99) (39) (Supplementary Table 3).




Diagnosis: Inflammatory Bowel Disease vs. Functional Gastrointestinal Disorders


Adults

For IBD, there was only one test: FC (Se, 0.88; 0.80–0.93/Sp, 0.71; 0.59–0.82) (53).




Diagnosis: Crohn’s Disease vs. Ulcerative Colitis


Mixed Population

To differentiate CD from UC, the sensitivity of tests is generally low, including anti-GP2, ASCA (20, 54). ASCA IgA showed the highest specificity of 0.955 (0.938–0.967) (20). To differentiate UC from CD, the only test included in our analysis was ANCA (Se, 0.553; 0.530–0.576/Sp, 0.885; 0.871–0.898) (20).




Diagnosis: Crohn’s Disease vs. Intestinal Tuberculosis


Mixed Population

IGRA (Se, 0.828; 0.784–0.855/Sp, 1.00; 0.867–0.896) (48) had better diagnostic performance than ASCA (Se, 0.828; 0.784–0.855/Sp, 0.867; 0.832–0.896) (25).




Activity


Mixed Population

For IBD, FC with a cutoff of 50 μg/g presented the highest sensitivity of 0.92 (0.90–0.94) (42), and MRE showed the highest specificity of 0.93 (0.90–0.95) (30). Besides, other radiological examinations [US, leukocyte scintigraphy (LS), and CT] all performed well with balanced sensitivity and specificity (6, 30, 43, 56, 59). However, other biomarkers (CRP and FL) were not as good as radiological examinations (27). One review suggested a sensitivity range of 0.64 to 0.93 and a specificity range of 0.71 to 1, showing that the diagnostic accuracy of TAUS (transabdominal US) remains inconclusive (Supplementary Table 3) (35).

For CD, US showed the best specificity of 0.977 (0.700–0.999) (6). Contrast-enhanced ultrasound (CEUS) was the most sensitive test with a sensitivity of 0.94 (0.87–0.97) (45). CT and MRE also performed well; however, the sensitivity of DWI-MRE was poor (23, 28, 34, 47). FC and FL performed slightly worse than CT and MRE (32, 55). For UC, US had both best sensitivity (0.886, 0.800–0.939) and specificity (0.819, 0.456–0.961) (6). Among other tests, the specificity of FIT and FL and the sensitivity of FC and FL were fair (32, 36).



Adults

For IBD, US and CT have similar diagnostic performance. The sensitivity of ultrasound was slightly higher (0.860; 0.745–0.928) (6), while the specificity of CT was slightly higher (0.86; 0.81–0.90) (43). Monoclonal anti-granulocyte antibody scintigraphy (MAAS) was sensitive (Se, 0.94; 0.89–0.97), but its specificity was not good (Sp, 0.45; 0.37–0.53) (43).



Children

For IBD, US had great performance: Se, 0.876 (0.542–0.977); Sp, 1.00 (6). One review reported the diagnostic accuracy of TAUS, but showed that it remained inconclusive (Supplementary Table 3) (35). The other review showed that the sensitivity of positron emission tomography/CT (PET/CT): 0.59 (0.36–0.79) (SBFT, small-bowel follow through, used as the reference standard); 0.86 (0.70–0.95) (colonoscopy used as the reference standard) and the specificity: 1.00 (0.77–1.00) and 0.50 (0.01–0.99), respectively (43).




Recurrence


Mixed Population

For IBD, the only test was FC (Se, 0.78; 0.72–0.83/Sp, 0.73; 0.68–0.77/AUC, 0.83) (40). For UC, the sensitivity and specificity of FC were 0.75 (0.70–0.79) and 0.77 (0.74–0.80), respectively (33). For CD, FC showed the sensitivity of 0.75 (0.64–0.84) and specificity of 0.71 (0.64–0.76) (40).

For postoperative CD, SICUS showed the highest sensitivity of 0.99 (0.99–1.00) (62). FC for clinical recurrence presented the highest specificity of 0.88 (0.80–0.93), while FC for endoscopic recurrence presented with better sensitivity (26). Besides, MRE and other subtypes of US performed well in both sensitivity and specificity (50, 51, 57).




Reviews Eligible for Update

We searched for newly published studies for each moderate quality review (Supplementary Appendix 6). After screening, 8 reviews (20, 22, 26, 28–30, 32, 35) have eligible new published studies. However, after calculation, no reviews need to be updated. The overview of updating was presented in Supplementary Appendix 12.




DISCUSSION

Our detailed umbrella review synthesized existing systematic reviews and meta-analyses into one user-friendly document. A total of 106 associations, including 17 non-invasive tests, have been studied.


Main Findings

Evidence from the umbrella review suggests that FC (0.99) and FL (0.82) were the most sensitive markers for distinguishing IBD from non-IBD. Similarly, ANCA (0.971) and FL (0.95) were the most specific marker for this purpose. To distinguish IBD from IBS, the most sensitive one was FC (cutoff 50 μg/g, 0.97; cutoff 100 μg/g, 0.92) and the most specific marker was FL (0.94). To distinguish CD from UC, all tests had low sensitivity, with ASCA IgA (0.955) having the highest specificity. IGRA (Se, 0.828; Sp, 0.867) was the best test to distinguish CD from ITB. There is only one test to diagnose IBD from FGID and only one test to distinguish UC from CD, FC, and ANCA. As for assessing activity, US (Se, 0.864; Sp, 0.883) and MRE (Se, 0.83; Sp, 0.93) perform well. The sensitivity of FC (0.85) was also good. As for postoperative recurrence of CD, SICUS (0.99) had the highest sensitivity and FC (CR: 0.88) had the highest specificity. We concluded that biomarkers played a good role in diagnosis, while radiological examinations, especially MRE and US, were more prominent in assessing activity and predicting recurrence. Supplementary Table 4 presents the characteristic of diagnostic performance and clinical use of each test.



Strengths and Limitations

Compared with other studies summarizing non-invasive tests for IBD (65, 66), our umbrella review provides the first systematic appraisal of the evidence using robust criteria. We used the AMSTAR 2 tool to assess the quality of reviews and used CCA to evaluate the degree of overlapping and report the highest quality and most current review. Besides, our umbrella review included both blood, stool biomarkers and radiological examinations. Furthermore, we rigorously classified the assessments into age groups based on the exact age range of the primary studies included and into several groups to discuss the diagnostic performance in a different clinical condition more rigorously and reasonably.

Several limitations are present in this review. Lack of data, including missing meta-data, hindered the reporting of some elements of the umbrella review and lack of reviews of children or adults alone. In addition, one review (20) could not undergo the normal updating process because it did not report the included studies of each assessment. Besides, some reviews were rated as low quality for the most common reason: lack of protocol. However, registering protocol has been rare, especially in the IBD field. What’s more, since most articles do not report the value of AUC, we can’t do a good comparison and analysis of AUC.



Implications for Practice and Future Research

This comprehensive umbrella review could help clinicians make better decisions about the appropriate tests prior to endoscopy. In terms of diagnosis, we suggested that in patients with symptoms suggestive of IBD in whom the clinician considers endoscopy, FC could be a sensitive test for safely excluding IBD. For patients with a negative result, we recommend that they continue to be monitored rather than do endoscopic examination immediately, unless it is very urgent. In patients with a positive result, FL is a good choice because of their low false-positive rate and consequent reduction of unnecessary endoscopies if patients are willing to have a stool test; if not, ANCA is an alternative. Clinicians can use our results to select a specific marker based on the practical situation. If both tests are positive, the patient is highly likely to have IBD. Endoscopic examination can be followed to confirm the diagnosis and disease classification. Radiation examinations, especially US and MRE, performed well in the activity assessment and predicting relapse. For patients with CD, we recommend having FC or US tests regularly to monitor the disease activity. Specifically, US or MRE is recommended for patients requiring postoperative recurrence monitoring. For patients with UC, MRE is the best choice to assess activity and predict relapse.

Our results show that there are not many reviews for children, especially in activity assessment and predicting recurrence. However, the use of endoscopy, invasive and requiring general anesthesia, can lead to child disobedience and disapproval of parents. An attitude of “wait and see” may cause unnecessary concerns and loss of wellbeing in children with IBD. Therefore, high-quality prospective studies on non-invasive testing in children should be complemented.




CONCLUSION

In summary, this umbrella review summarized the diagnostic performance of non-invasive tests for IBD in different clinical conditions and age groups and offered our suggestions on how to use the non-invasive tests appropriately. Researchers and clinicians could choose a suitable test based on our results. Further studies on non-invasive tests in children are needed.
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Purpose: Systemic levels of the adipokine chemerin are elevated in different inflammatory conditions such as inflammatory bowel disease (IBD). In IBD, chemerin protein expression in colon mucosa is induced and serum chemerin levels are increased. Aim of this study was to identify chemerin protein in human feces and/or urine and to evaluate a possible association with IBD activity.

Materials and methods: Feces and urine of 40 patients with IBD and the respective sera of 34 patients were collected. Chemerin levels were analyzed by immunoblot in feces and urine samples. In addition, enzyme-linked immunosorbent assay (ELISA) was used to measure chemerin in all urine, feces and serum samples of the patients and in urine of 17 healthy controls.

Results: Chemerin was not detectable in 80% of the human feces samples by ELISA. Chemerin in human urine was detected by immunoblot and ELISA. Compared to serum levels, urinary concentration was about 6,000-fold lower. Urinary chemerin did not differ between patients with ulcerative colitis (n = 15) and Crohn’s disease (n = 25). Urinary chemerin was not related to its serum levels, did not correlate with serum C-reactive protein level and negatively correlated with serum creatinine. Of note, urinary chemerin of patients with a fecal calprotectin > 500 μg/g was significantly higher compared to patients with lower calprotectin levels and compared to healthy controls. Serum creatinine did not differ between the patient groups.

Conclusion: Urinary chemerin might present a novel non-invasive biomarker for monitoring IBD severity and clinical course.
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urine biomarker, feces, calprotectin, creatinine, C-reactive protein, Crohn’s disease, ulcerative colitis, inflammatory bowel disease (IBD)


Introduction

Inflammatory bowel disease (IBD) with the two main entities Crohn’s disease (CD) and ulcerative colitis (UC) is a chronic inflammatory disease with rising prevalence (1–4).

Chemerin is an adipokine and functions as an attractant for immune cells. Moreover, this protein is involved in glucose metabolism, blood pressure homeostasis, and carcinogenesis (5–10). Serum chemerin levels are increased in obesity and various studies proved an association of circulating chemerin with systemic markers of inflammation (11–17).

Chemerin exerts pro- and anti-inflammatory activities. Chemerin as well as chemerin derived C-terminal peptides function as pro-resolving factors (18–21). Chemokine-like receptor 1 (CMKLR1) is the best studied chemerin receptor, so far. G-protein receptor 1 is a further functional chemerin receptor whereas chemokine (C–C motif) receptor-like 2 (CCRL2) has no signaling activity (6, 22, 23). Chemerin and CMKLR1 are abundant in intestinal epithelial cells and their expression in the epithelial barrier is associated with disease severity of IBD (24, 25). CMKLR1 knockout could, however, neither prevent nor improve dextran sulfate sodium (DSS) colitis. Accordingly, intraperitoneal application of recombinant chemerin was without any effect (24). Contrary to this study, it has been demonstrated that exogenous chemerin suppressed the polarization of macrophages from M1 to M2 type and thereby aggravated DSS colitis (25).

Chemerin deficient mice and animals with lack of intestinal epithelial cell CMKLR1 were more sensitive to microbiota-driven colon inflammation. Loss of chemerin-CMKLR1 signaling reduced expression of lactoperoxidase, which is highly abundant in colonic epithelial cells. Lactoperoxidase exerts antimicrobial effects suggesting that chemerin protected from dysbiosis in IBD (26). Interestingly, an antimicrobial activity of chemerin as well as an internal twenty amino acid chemerin peptide in epidermis has also been described (27, 28).

Circulating chemerin was higher in experimental colitis and was increased in serum of patients with CD and UC in comparison to healthy controls (24, 29, 30).

Fecal biomarkers have emerged as tools in diagnosis and monitoring the therapeutic response of IBD. Fecal calprotectin is generally used to monitor intestinal inflammation and to anticipate disease relapse in clinical practice (31, 32). This biomarker is released by granulocytes, and therefore, associated with intestinal inflammation. Thus, it is not specific for IBD (33, 34). Extending fecal calprotectin to include additional biomarkers may improve IBD diagnosis. In consideration that serum and colonic chemerin are higher in IBD (24, 25, 29, 30), fecal chemerin may become a valuable non-invasive biomarker for IBD diagnosis.

Until now, to our knowledge, there are no studies that have examined whether chemerin can be detected in feces. Urine is a further biological fluid becoming increasingly important for biomarker studies and development (35). Serum chemerin is strongly induced in patients with renal dysfunction (36), and impaired renal excretion may contribute to higher circulating chemerin levels. Chemerin protein was indeed detected in urine of rats by enzyme-linked immunosorbent assay (ELISA) (37). Rat urine has a protein content of approximately 1 g/l (38) suggesting that there is about 10 pg chemerin/μl urine. Serum chemerin of the rats was about 40 ng/ml and was 4-fold higher than urinary levels (37).

The aim of the current investigation was to study whether fecal and/or urinary chemerin has the potential to become a diagnostic non-invasive biomarker for IBD.



Materials and methods


Patients

Patients with confirmed IBD diagnosis were recruited from the outpatient and inpatient clinic at the Department of Internal Medicine I at the University Hospital of Regensburg from 06.12.2021 to 23.06.2022. IBD was diagnosed based on accepted endoscopic, histologic, and clinical criteria (39, 40). Patients who were pregnant, had known coagulopathy, or were unable to give informed consent were excluded from the study. Moreover, urine of 17 healthy controls was collected. Controls were students, hospital staff and spouse of the patients. Details of the study groups are summarized in Table 1.


TABLE 1    Characteristics of the patients and controls.
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Enzyme-linked immunosorbent assay

ELISA to measure human chemerin was from R&D Systems (Wiesbaden, Nordenstadt, Germany; Cat # DY2324). Serum was diluted 1:250 fold for analysis. Urine was centrifuged for 5 min at 4,000 rpm and was used undiluted. Fecal protein was prepared as described below and was used undiluted.



Immunoblot analysis

Immunoblot was performed as described (41). Urine as well as fecal protein was used undiluted and 16 μl were loaded per lane. Chemerin antibody was from R&D Systems (Cat # AF2324, RRID:AB_416577). Coomassie Brilliant Blue R-250 Staining Solution was from Bio-Rad Laboratories (Feldkirchen, Germany, Cat #1610436). ImageJ was used to quantify protein levels (42).



Isolation of fecal protein

Fecal homogenates were prepared as described (43). Feces (0.5 to 2.0 g) was homogenized in phosphate buffered saline (PBS) supplemented with protease inhibitor (Protease Inhibitor Cocktail cOmplete™ EDTA-free, Roche Diagnostics, Penzberg, Germany; Cat # 11836170001) by the gentleMACS Dissociator using gentleMACs M-tubes (Miltenyi Biotec, Bergisch Gladbach, Germany; Cat # 130-093-236). One ml aliquots were dried overnight in a vacuum concentrator. The homogenate was dissolved in PBS with protease inhibitor to 2 mg dry weight/ml. Material was stored at −80°C until use.



Statistical analysis

Data are presented as boxplots. Statistical differences were analyzed by Mann Whitney U-test or Kruskal-Wallis Test and associations between two measures were analyzed by Spearman correlation (SPSS Statistics 25.0 program, IBM, Leibniz Rechenzentrum, München, Germany), and a value of p < 0.05 was regarded significant.




Results


Chemerin is rarely detectable in feces

Protein isolated from human feces was used for immunoblot analysis. Chemerin could not be detected in feces of six patients analyzed by this method (Figure 1 and data not shown). ELISA was used to measure fecal chemerin of 40 patients. Fecal chemerin levels of 80% of the patients were below the detection limit of the assay with a range from 31.2 to 2,000 pg/ml chemerin. The eight patients with fecal chemerin levels above 0 had a low median level of 35.0 (8.8–156.7) pg/ml. Fecal chemerin was not related to fecal calprotectin levels (p = 0.533).
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FIGURE 1
Immunoblot of feces for analysis of chemerin protein expression. After the experiment the membrane was stained with Coomassie Brilliant Blue R-250. The molecular weight size markers are given. Human liver lysate was used as positive control (PK).




Chemerin is detectable in urinary samples

Human urine was used for immunoblot analysis and chemerin was detected in twenty-one of the twenty-four samples (Figure 2 and data not shown). Urinary chemerin had a median expression of 13.4 and ranged from 0 to 51.0.
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FIGURE 2
Immunoblot of urine for analysis of chemerin protein. After the experiment the membrane was stained with Coomassie Brilliant Blue R-250. The molecular weight size marker is shown and the respective molecular weights are given. Human liver lysate was used as positive control (PK).


After the immunoblot experiment, total urinary protein on the membrane was stained with Coomassie Brilliant Blue R-250 and quantified using ImageG (42; Figure 2). Urinary chemerin protein levels were not correlated with total urinary protein concentrations (r = 0.262, p = 0.217; Figure 3A). Urinary chemerin levels as determined by immunoblot did not correlate with serum chemerin measured by ELISA (r = −0.336, p = 0.109; Figure 3B).
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FIGURE 3
Correlation analysis of urinary chemerin protein with total protein levels and serum chemerin. (A) Correlation of urinary chemerin protein determined by immunoblot and total protein in urine. Data of one patient is not shown in the figure because of the high protein content of this urine sample. (B) Correlation of urinary chemerin protein determined by immunoblot and serum chemerin measured by enzyme-linked immunosorbent assay (ELISA).




Urinary chemerin concentrations in relation to serum chemerin, gender, BMI, and serum creatinine

Enzyme-linked immunosorbent assay (ELISA) was used to quantify urinary chemerin protein of 40 patients with IBD. Median chemerin protein in urine was 34 (20–1,470) pg/ml. Serum of 34 of these patients was available, and in serum chemerin was 190 (82–391) ng/ml. Thus, urinary chemerin expression was about 6,000-fold lower than serum levels. There was no correlation between urinary and serum chemerin levels (r = −0.095, p = 0.593).

Urinary chemerin levels did not differ between females and males (p = 0.633). Age (r = 0.023, p = 0.887) and body mass index (BMI; r = −0.191, p = 0.250) did not correlate with urinary chemerin concentration. When patients were stratified for BMI there were two patients with a BMI < 18.5 kg/m2, 20 patients with a BMI between 18.5 and 24.9 kg/m2, nine patients with a BMI between 25.0 and 29.9 kg/m2, seven patients with a BMI between 30.0 and 34.9 kg/m2, one patient with a BMI between 35.0 and 39.9 kg/m2, and one patient with a BMI > 40 kg/m2. Urinary chemerin expression did not significantly differ between these groups (p = 0.330) (Figure 4A).
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FIGURE 4
Urinary chemerin levels in relation to BMI and serum creatinine. (A) Urinary chemerin stratified for BMI. The asterisk marks an outlier (three box lengths from the median). (B) Correlation of urinary chemerin with serum creatinine.


Urinary chemerin expression negatively correlated with serum creatinine (Figure 4B) whereas the association with glomerular filtration rate was not significant (r = 0.287, p = 0.073).

Serum chemerin did neither correlate with serum creatinine (r = 0.045, p = 0.799) nor glomerular filtration rate (r = 0.086, p = 0.627).



Urinary chemerin in relation to fecal calprotectin and serum C-reactive protein

In the group of 40 IBD patients, 25 patients had been diagnosed with CD and 15 patients with CU. Urinary chemerin levels were comparable between the two groups (Figure 5A).
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FIGURE 5
Urinary chemerin protein in Crohn’s disease (CD) and ulcerative colitis (UC) patients and in relation to fecal calprotectin. (A) Urinary chemerin of CD and UC patients. (B) Urinary chemerin protein stratified for fecal calprotectin levels. Circles (1.5 box lengths from the median) and asterisks (three box lengths from the median) mark outliers.


There was no correlation between urinary chemerin concentration and fecal calprotectin levels (r = 0.117, p = 0.417). Therefore, we analyzed patient cohorts divided according to their fecal calprotectin levels. Seventeen patients had calprotectin levels below 50 μg/g, 10 patients had calprotectin levels from 50 to 149 μg/g, 6 patients had calprotectin levels from 150 to 500 μg/g and seven patients calprotectin levels > 500 μg/g.

Patients with fecal calprotectin < 50 μg/g were the oldest and had the lowest glomerular filtration rate (GFR). CRP was highest in patients with calprotectin > 500 μg/g (Table 2). Gender distribution, BMI, creatinine, and time since first diagnosis were similar between the groups (Table 2).


TABLE 2    Characteristics of the patients stratified for fecal calprotectin levels.
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Patients with high fecal calprotectin > 500 μg/g had higher urinary chemerin levels in comparison to the three other groups with similar levels (Figure 5B). Urinary chemerin protein varied within the groups (11.0 to 18.4-fold in patients with fecal calprotectin < 500 μg/g) and the variation was 4 to 6-fold higher in patients with fecal calprotectin > 500 μg/g. The coefficient of variation (CV%) is a measure of relative variability and did not markedly differ between the groups (Table 2).

C-reactive protein (CRP) as a serum marker for inflammation correlated positively with fecal calprotectin in our cohort (r = 0.516, p = 0.001) but there was no significant association of urinary chemerin and serum CRP (r = 0.284, p = 0.080).

Serum chemerin levels positively correlated with CRP (r = 0.321, p = 0.064) though this association was not significant. Serum chemerin concentrations did not correlate with fecal calprotectin (r = 0.124, p = 0.484) and levels did not differ between patients stratified for fecal calprotectin levels (p = 0.224).

Histologic remission was documented for 32 patients and was achieved in nine patients. Urinary chemerin did not differ between these groups (p = 1.000). When patients with fecal calprotectin > 500 μg/g were excluded, urinary chemerin levels were still similar between patients with and without histologic remission (p = 0.215).



Urinary chemerin concentrations of healthy controls

Urinary chemerin protein of 17 healthy controls was also measured. Gender distribution and age of controls and patients were comparable (Table 1). The 10 female and 7 male controls had similar levels of chemerin in urine (p = 0.813). Urinary chemerin did not correlate with age (r = 0.130, p = 0.618) Urinary chemerin protein did not differ between the controls, patients with CD or UC (Figure 6A). Controls had urinary chemerin levels similar to the patients stratified for calprotectin levels with the exception of the group with fecal calprotectin > 500 μg/g. Urinary chemerin protein of this group was significantly higher compared to the controls (Figure 6B).
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FIGURE 6
Urinary chemerin protein of healthy controls (HC), Crohn’s disease (CD), and ulcerative colitis (UC) patients. (A) Urinary chemerin of HC, CD, and UC patients. (B) Urinary chemerin protein of HCs and patients stratified for fecal calprotectin levels. Circles (1.5 box lengths from the median) and asterisks (three box lengths from the median) mark outliers.




Urinary chemerin in relation to complications and the current inflammatory bowel disease medication

There were 17 patients who suffered from extra-intestinal manifestations of IBD and seven patients with fistulas. Urinary chemerin did not differ in patients with and without these complications (p = 0.812 and p = 0.707, respectively).

Common medications used to treat IBD were anti-tumor necrosis factor monoclonal antibodies (10 patients), anti-p40 monoclonal antibodies (12 patients), mesalazine (15 patients) and corticosteroids (10 patients). Urinary chemerin of patients taking anti-tumor necrosis factor monoclonal antibodies (p = 0.548), anti-p40 monoclonal antibodies (p = 0.079), mesalazine (p = 0.192) and corticosteroids (p = 0.914) was similar to patients without these medications.




Discussion

This is to our knowledge the first study to detect chemerin protein in human urine samples. Urinary chemerin protein levels were higher in patients with IBD and fecal calprotectin > 500 μg/g compared to patients with lower levels and healthy controls. Thus, urinary chemerin levels may be discussed as a novel non-invasive marker for intestinal inflammation in patients with IBD.

It has been described that serum chemerin is elevated in patients with impaired renal clearance (36, 44). In the general population serum chemerin levels were inversely associated with renal function (45). We were able to detect chemerin protein in human urine samples and could show that urinary chemerin was inversely correlated with serum creatinine. This suggests that serum chemerin is partly cleared from the body by renal elimination. Urinary chemerin concentration is low and about 6,000-fold less than serum levels. A rough estimate for male rats was a 4-fold difference between serum and urine (37) suggesting that renal chemerin excretion greatly differs between humans and rats. Urinary volume of humans is about 2 l per day (46) and about 70 ng chemerin may be excreted by the kidneys. To get exact numbers it has to be clarified whether degraded chemerin, which is no longer detected by the ELISA, is also present in human urine.

Immunoblot analysis revealed that chemerin protein in urine has a molecular weight of about 15 kDa suggesting that at least part of the chemerin protein is not degraded. Chemerin in human serum is mostly inactive and C-terminal cleavage of a few amino acids produces biologic active variants (6, 47). Activation of chemerin is achieved by several proteases including the inflammatory serine proteases tryptase, plasmin and elastase (48). So further studies should be designed to investigate which isoforms of chemerin are abundant in urine.

Also noteworthy, high inter-individual variations of urinary chemerin protein levels can be detected. Whereas serum chemerin of the patients studied varied about 5-fold (CV% 39), urinary chemerin varied about 70-fold in the whole cohort (CV% 176) and about 20-fold (CV% 123) when patients with calprotectin > 500 μg/g were excluded.

Urinary chemerin was not correlated to serum chemerin, total urinary protein content, gender, BMI or age. There was a negative correlation with serum creatinine with an about 2-fold variation, which thus cannot explain the wide range of urinary chemerin protein levels. Future studies are needed to characterize the mechanisms, which contribute to urinary chemerin concentrations.

It is important to note that fecal calprotectin ranged from 18 to 1,616 μg/g in the whole cohort and from 18 to 347 in patients with a calprotectin level < 500 μg/g. This corresponds to an about 19-fold variation in this cohort and an about 90-fold variation in the whole study group. Similar variations of fecal calprotectin in patients with IBD have been reported by others (49, 50). The CV% for calprotectin was 166% in our group and was reported to range from 48% up to 182% in other IBD cohorts (51, 52). Thus, the CV% of 176 for urinary chemerin in the patient cohort is comparable to CV% for fecal calprotectin.

Chemerin and CMKLR1 are expressed in intestinal epithelial cells and are related to local inflammation (24, 25). In contrast to this knowledge, chemerin protein was not detectable in human feces by immunoblot analysis, and was only measurable in stool of 20% of the patients by ELISA. This might be due to low biliary elimination of chemerin and/or degradation of chemerin during fecal excretion.

Interestingly, urinary chemerin was increased in IBD patients with high fecal calprotectin. The median urinary chemerin levels of patients with low fecal calprotectin was 33 pg/ml and of patients with levels > 500 μg/g calprotectin was 180 pg/ml. Serum creatinine did not differ between these two groups excluding it as a confounding factor. The CV% of urinary chemerin levels did not differ too much between the calprotectin groups.

Urinary chemerin did not increase in parallel with calprotectin levels and did not correlate with CRP suggesting that it is not simply a marker of inflammation. Although the cause for higher urinary chemerin is unknown it may serve as an additional disease activity biomarker in IBD.

Urinary chemerin was comparable between healthy controls and IBD patients with calprotectin levels below 500 μg/g. This illustrates that urinary chemerin of the patients does not increase until they develop severe IBD.

Disease activity in IBD was found associated with a higher urinary albumin (53). The etiology of microalbuminuria in patients with IBD remains unclear and is supposed to be a consequence of the acute phase response (53). Higher urinary chemerin in patients with severe IBD may thus reflect renal impairment. This suggests that urinary chemerin may be analyzed for its suitability as a biomarker for renal dysfunction in IBD.

The current study cohort was rather small and relation of urinary chemerin with disease severity, progression or remission has to be assessed in larger study groups. Whether urinary chemerin may be useful to discriminate active IBD from intestinal inflammation caused by infections, specific drugs, cancer, or diverticulitis needs further analysis.

Urinary chemerin did not differ between patients with CD or UC. It could not discriminate patients with low from patients with medium fecal calprotectin levels; nor patients with histologic remission from patients without histologic remission. Therefore, chemerin protein in urine is not of diagnostic value in this regard but may be useful as an additional biomarker to fecal calprotectin to monitor IBD disease activity. A novel urine biomarker for IBD is highly desirable for clinical application as a follow-up and disease-activity marker because it can be collected recurrently by non-invasive techniques.

Limitation of this work is the small number of patients analyzed, and thus possible differences of urinary chemerin between CD and UC patients with high fecal calprotectin could not be analyzed. Moreover, urinary chemerin was not determined during therapy to monitor response to treatment.

To summarize, present study detected chemerin in human urine and showed that urinary chemerin levels of IBD patients with high fecal calprotectin were increased. Urinary chemerin is a potential novel and easily accessible biomarker for the monitoring of IBD patients.
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Aim: This study aimed to determine the factors affecting the quality of life of patients with inflammatory bowel disease (IBD) and to construct a disease recurrence prediction model based on these influencing factors.

Methods: A prospective, single-center study in China was conducted between October 2020 and March 2021. The quality of life of patients was assessed using the Inflammatory Bowel Disease Questionnaire (IBDQ). Multiple stepwise regression analysis was used to analyze the factors influencing the quality of life of patients with IBD. The chi-square test and the point-biserial correlation analysis were performed to identify factors associated with clinical recurrence. A binary logistic regression model was constructed to predict the recurrence. The receiver operating characteristic curve was used to evaluate the prediction model. Patients with IBD from April 2021 to June 2021 were randomly included for model verification to evaluate the disease recurrence prediction model.

Results: The average IBDQ score of patients with IBD was 172.2 ± 35.0 (decreased by 23.2%). The scores of all dimensions of the IBDQ were decreased, especially emotional function and systemic symptoms. Disease activity, age, extraintestinal manifestations (EIMs), and annual household income were important factors influencing the IBDQ scores of patients with ulcerative colitis, and these accounted for ~57.0% of the factors affecting the quality of life. Disease activity, EIMs, and occupational stress were important factors influencing the IBDQ scores of patients with Crohn's disease, and they accounted for approximately 75.1% of the factors affecting the quality of life. Annual household income, occupational stress, and IBDQ scores were independent risk factors for recurrence. The area under the curve of the recurrence prediction model was 81.1%. The sensitivity and specificity were 81.7 and 71.7%, respectively. The Youden index of the model was 0.534. The established recurrence prediction model has good discriminant validity in the validation cohort.

Conclusion: The quality of life of patients with IBD was generally poor. The use of factors affecting the quality of life to predict disease recurrence has high predictive value and can support the management of IBD by selecting patients at a higher risk for relapse.

KEYWORDS
inflammatory bowel disease, quality of life, influencing factors, recurrence, prediction model


Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the gastrointestinal tract that is believed to be caused by an inappropriate inflammatory response to intestinal microbes in a genetically susceptible host. The most common forms of IBD include ulcerative colitis (UC) and Crohn's disease (CD) (1). IBD is a global disease, and its incidence and prevalence are still increasing worldwide (2, 3). The incidence of IBD in China is generally lower than that in developed countries, such as Western Europe and North America, but epidemiological studies show a significant increase in the incidence of IBD in China (4). The most common clinical symptoms of IBD are abdominal pain, diarrhea, and bloody stools, often accompanied by extraintestinal manifestations (EIMs). Some patients also suffer from complications such as abscesses, fistulas, and stenosis (5).

Due to its chronic, relapsing nature and therapeutic complexity, IBD requires long-term medical management and imposes significant costs on individuals and society. Several studies have reported that patients with IBD have lower employment rates and a higher percentage of work disability than the general population (6). With long-term medical care and productivity loss, the economic burden of patients with IBD is increasing (7). In addition, IBD has been shown to have a psychological impact on daily life, with a significant increase in the incidence of psychological disorders (8). This psychological load adds to the physical burden of the disease and is associated with direct and indirect costs (9). In short, the physical, economic, and psychological burden, as well as the progression of the disease, all affect the quality of life of patients (10, 11). A previous study revealed that one-third of patients with UC relapse within the first year of diagnosis and 70–82% of the patients relapse within 5 years. Additionally, 85% of patients with CD relapse at least one time within 5 years from diagnosis (10). Since patients with severe relapse need intensive treatment, which may accrue high costs and increase the risk of adverse events, detection of relapse and early therapeutic interventions before the severe progression of activity are desirable (12). The current treatment strategies for patients with IBD not only alleviate symptoms and reduce complications but also improve the quality of life and reduce recurrence rates (13).

In the past few years, more attention has been paid to the role of age, C-reactive protein (CRP), fecal calprotectin (FC), erythrocyte sedimentation rate (ESR), endoscopy, EIMs, diet, and pathological scores in the prediction of recurrence (14–17). However, the predictive values of these different parameters in identifying patients at risk of recurrence have been disappointing. Some studies indicated that standard laboratory parameters (e.g., CRP) did not prove to be useful predictors of clinical relapse in IBD as a whole (18, 19). In those studies, the predictive value of FC in patients with UC with clinical remission for relapse was not so prominent (AUC = 0.60–0.70) (20). The predictability of recurrence in CD has also been reported, and the ability to predict recurrence at 1 year was slightly higher than that in UC (AUC = 0.75–0.79) (21, 22). However, due to its relatively high cost, FC is not so frequently measured in patients. In addition, endoscopy for this purpose is sometimes invasive and burdensome for patients (12).

Therefore, prediction tools for disease recurrence need to be developed. The construction of a prediction model of recurrence based on the factors affecting the quality of life of patients with IBD is a new exploration. Based on data from an IBD center in Southwest China, we reported factors influencing the quality of life of patients with IBD and constructed a model to predict disease recurrence, which is of great value for understanding the characteristics of patients with IBD in China and improving their quality of life and outcomes.



Methods


Patients

This study was performed in the First Affiliated Hospital of Kunming Medical University, which is a tertiary hospital and an IBD center in Southwest China. We recruited patients with IBD who were hospitalized between October 2020 and March 2021 as a training cohort. Patients with IBD diagnosed from April 2021 to June 2021 were selected to establish a validation cohort. The inclusion criteria were as follows: (1) the diagnosis was confirmed according to the ECCO guidelines (23, 24) and (2) patients gave informed consent. The exclusion criteria were as follows: (1) patients with severe cognitive and mental disorders and (2) patients with other chronic serious diseases, such as heart, kidney, or liver failure, stroke, and serious lung disease. We followed the participants for 1 year and identified recurrence through telephone appointments and outpatient visits. The process for patient inclusion and exclusion is presented in Figure 1.


[image: Figure 1]
FIGURE 1
 Flowchart summarizing the patients' selection process.




Data collection

Demographics, including age, gender, nature of occupation, occupational stress, education level, marital status, family size, annual family income, and type of medical insurance, were obtained by a general information questionnaire. Clinical information, including diagnosis, disease activity, disease localization (the Montreal classification of IBD) (25), disease duration, EIMs (e.g., peripheral and axial arthritis, pyoderma gangrenosum, erythema nodosum, Sweet syndrome, aphthous stomatitis, primary sclerosing cholangitis and episcleritis, anterior uveitis, and iritis), complications (e.g., intestinal obstruction or perforation, massive hemorrhage of the gastrointestinal tract, colon cancer, or toxic megacolon), intestinal surgery, and biologics (e.g., infliximab, vedolizumab, adalimumab, and ustekinumab) were collected from medical records. The disease activity of UC was assessed using the Mayo scores (a Mayo score of ≤ 2 with no single item score of >1 was classified as clinical remission, ranging between 3 and 5 as mild activity, ranging between 6 and 10 as moderate activity, and ranging between 11 and 12 as severe activity) (26). Clinical relapse was defined as the occurrence of symptoms accompanied by an increase in the partial Mayo score of 2 or more, which required a change in therapy, such as the escalation of ongoing therapy with the introduction of steroids and/or immunosuppressive biological drugs (27). The Crohn's disease activity index (CDAI) was used to assess disease activity in CD (CDAI < 150 was classified as remission, 150 to 220 as mild activity, 221 to 450 as moderate activity, and >450 as severe activity) (28). Recurrence was defined as a CDAI of more than 220, an increase of at least 70 from the baseline between 150 and 220, or the need for a surgical procedure (29).

The quality of life of the patients was assessed using the Chinese translation of an Italian version of the Inflammatory Bowel Disease Questionnaire (IBDQ) (30), which is a widely recognized disease-specific questionnaire used to measure the quality of life. The IBDQ consists of 32 questions and four subscales, namely, bowel symptoms (e.g., bloody stools, abdominal pain), systemic symptoms (e.g., fatigue, sleep problems), emotional function (e.g., anxiety, anger, and depression), and social function (e.g., limited social activities, school, or work attendance). The score of each question ranges from 1 point (worst condition) to 7 points (best condition), with a total score ranging from 32 to 224, with a higher score indicating a better quality of life. All patients were asked to complete the IBDQ.



Statistical analysis

Data were analyzed using the Statistical Package for the Social Sciences, version 26.0 for Mac (IBM SPSS Statistics 26). Continuous variables were presented as the mean ± standard deviation (SD), and the counting data were expressed as frequencies and percentages. The Mann–Whitney U-tests were used to compare the mean values between the two groups. The mean values of multiple groups were compared using a one-way analysis of variance. Factors affecting the quality of life were analyzed by multiple linear stepwise regression. The chi-square test and point-biserial correlation analysis were used to screen relapse-related factors, and binary logistic regression analysis was used to construct predictive models of relapse. To assess the performance of the resulting predictions, receiver operating characteristic (ROC) curves were plotted to calculate the area under the curve (AUC). A P-value of < 0.05 was considered statistically significant.




Results


Demographic and clinical characteristics of patients with IBD

A total of 212 questionnaires were distributed in the training cohort. Questionnaires were considered invalid if any question was unanswered. Finally, a total of 191 valid questionnaires were recovered, yielding a response rate of 90.1% (191/212). UC (132, 69.1%) was the most common type, followed by CD (55, 28.8%) and IBD-U (4, 2.1%). We only analyzed the data of patients with UC and CD to explore factors affecting the quality of life and recurrence. The demographic and clinical characteristics of patients are shown in Table 1. Among the patients with UC, 80 of them (60.6%) were men. The average age was 43.7 ± 12.8 years. The median duration of the disease was 6 years. EIMs occurred in 58 (43.9%) patients and 17 (12.9%) patients had complications. Among the patients with CD, 38 of them (69.1%) were men. The average age was 36.0 ± 13.5 years. The median duration of the disease was 7 years. A total of 24 (43.6%) patients had EIMs. Complications occurred in 24 (43.6%) patients.


TABLE 1 Demographic and clinical characteristics of patients with inflammatory bowel disease.
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General characteristics of patients with IBD

In the training cohort (Table 2), 41 (31.1%) patients with UC were engaged in manual labor and 19 (14.4%) patients with UC felt that their occupation was stressful. The annual household income of 25 patients (18.9%) was < RMB¥ 10,000. Among the patients with CD, the occupation of 19 (34.5%) patients was manual labor, and 11 (20.0%) patients felt that their occupation was stressful. The annual household income of 11 patients (20.0%) with CD was < RMB¥ 10,000.


TABLE 2 General characteristics of patients with inflammatory bowel disease.
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Quality of life scores in patients with IBD

We used the IBDQ to investigate the quality of life of patients with IBD (Table 3). The results showed that all dimensions of the IBDQ were decreased, with the total scores reduced by 23.2%. The score of systemic symptoms decreased the most. There were no significant differences in the score of intestinal symptoms, systemic symptoms, emotional functioning, and social functioning between UC and CD patients. It showed that the quality of life of patients with IBD was decreased but was not affected by the type of disease.


TABLE 3 Quality of life scores of patients with inflammatory bowel disease.
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Univariate and multivariate analyses of factors affecting the quality of life of patients with UC and CD

This study analyzed the factors influencing the quality of life of patients with UC and CD (Table 4). The related factors with a P-value of < 0.1 in univariate analysis were included in the multiple regression analyses. Disease activity, age, EIMs, and annual household income were the factors that affected the total score of the IBDQ in patients with UC. Several factors affect intestinal symptoms, systemic symptoms, emotional function, and social function in patients with UC to varying degrees. Disease activity, EIMs, and occupational stress were the factors affecting the total scores and scores of all four dimensions of the IBDQ in patients with CD.


TABLE 4 Univariate analysis and multivariate stepwise regression analysis of factors affecting the quality of life of patients with ulcerative colitis and Crohn's disease.
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Factors associated with the recurrence in patients with IBD

To analyze the factors associated with the recurrence of IBD in patients and construct a prediction model for disease recurrence, 191 patients with IBD in the training cohort were followed up for 1 year. In this period, these participants included 82 patients with recurrence, 99 patients without recurrence, and 10 (5.2%) patients lost to follow-up. The chi-square test and point-biserial correlation analysis were used to screen relapse-related factors. We included age, EIMs, profession, biological agents, complications, disease activity, annual household income, occupational stress, and IBDQ scores for analysis. Finally, several potential predictors for relapse were identified in our cohort. Disease activity, annual household income, occupational stress, and IBDQ scores were found to be associated with short-term recurrence in patients with IBD (Table 5).


TABLE 5 Factors associated with recurrence.

[image: Table 5]



The development of a model to predict recurrence

The relapse-related factors were included in the binary logistic regression analysis. The Hosmer–Lemeshow test was used to test the model fit and goodness, and the results showed that the model fit and goodness were good (P = 0.529). The linear predictor was 5.036 + (-0.026) × IBDQ + 1.976 × annual household income (RMB¥ 10,000 or less) + 0.898 × annual household income (RMB¥ 10,000 50,000) + (-2.067) × occupational stress (relaxed) + (-1.609) × occupational stress (standard) (Table 6). Predicted probabilities were calculated using the linear predictor in the formula: 1/(1+e−linear predictor). When the P-value was >0.5, the patient was predicted to relapse. In this study, the model correctly predicted 72.9% of patient outcomes. The results revealed that 79.8% of the patients without recurrence predicted by the model did not have a recurrence and that 64.6% of the patients with recurrence predicted by the model had a recurrence.


TABLE 6 Associations between influencing factors and relapse of inflammatory bowel disease using binary logistic regressiona.
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The ability to predict recurrence in patients with IBD

The discriminant ability was evaluated according to the AUC (Figure 2; Table 7). The results indicated that the predictive effect of the model was better than that of the independent predictors, and the predictive effect of the IBDQ scores on recurrence was better than that of annual household income and occupational stress. The AUC of the prediction model of this study was 81.1%, and the 95% confidence interval (CI) was 74.8–87.5%. The maximum value of the Youden index (a measure of the authenticity of a screening test, also known as the correctness index) was the best critical value of the prediction model. The Youden index of this study was 0.534. The sensitivity and specificity were 81.7 and 71.7%, respectively. The model could be considered to have a good discriminant effect.


[image: Figure 2]
FIGURE 2
 ROC curves for the developed model for predicting recurrence and variables. IBDQ, Inflammatory Bowel Disease Questionnaire; and AUC, area under the curve.



TABLE 7 Predictive power of each variable and prediction model for recurrence.
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Verification of the model

Another 100 patients with IBD diagnosed in the hospital from April 2021 to June 2021 were selected to establish a validation group. The demographic, clinical, and general characteristics of the patients in the validation cohort are shown in Tables 1, 2. Among these, 38 patients had recurrence within 1 year of follow-up and 62 patients had no recurrence. The successful modeling formula from the first stage was used to predict recurrence, with a sensitivity of 81.6%, a specificity of 83.9%, and an accuracy of 85.0%. The positive predictive value was 81.6%. The negative predictive value was 87.1%. The false-negative rate was 13.7%, and the false-positive rate was 20.5%. The ROC curve was drawn by the same method. The results revealed that the AUC was 87.4%, and the 95% CI was 79.9–94.8%. The Youden index was 0.655 (Figure 3). This indicated that the established recurrence prediction model also had good discriminant validity in the validation cohort.


[image: Figure 3]
FIGURE 3
 The ROC curve of model verification. AUC, area under the curve.





Discussion

Inflammatory bowel disease (IBD) is comprehensively affected by environmental factors, individual genotypes, intestinal microecology, autoimmunity, and other factors. Prognosis and recurrence prediction are of great significance for disease control. In recent years, the quality of life and social psychology of patients with IBD has drawn extensive concern. Due to the differences in clinical manifestations, treatment options, economic situation, cultural backgrounds, and lifestyles of patients with IBD, studies from other countries cannot reflect the quality of life and short-term recurrence of patients with IBD in China. In this study, patients with IBD in a tertiary hospital in Southwest China were selected as the research subjects. The results showed that the quality of life of patients with IBD was generally poor. Moreover, a prediction model of disease recurrence based on factors affecting the quality of life had a high predictive value. This study is of great significance for understanding the characteristics and quality of life of patients with IBD in China. The model established in this study can effectively guide treatment monitoring and follow-up.

The chronic progressive course, the side effects associated with medications, and the increasing financial burden reduce the quality of life of patients with IBD. A recent systematic review found that the quality of life of patients with IBD is worse than that of healthy people (31). We also found that patients with IBD had decreased quality of life in all dimensions, especially emotional functioning and systemic symptoms. This suggests that the therapeutic goals of IBD are not only mucosal healing but also an improved quality of life. Traditionally, patients with CD were believed to have a poorer quality of life than patients with UC due to worse disease behavior (32–34). Our study did not show a statistical difference between the two conditions. This may be because frequent diarrhea and bloody stool in patients with UC lead to lower intestinal symptom scores, and these symptoms are more likely to affect the physical health and social activities of the patients. In addition, patients with CD had a higher proportion of biologics than patients with UC in our study. Although our data revealed no significant association between biologics and the quality of life, Zhang et al. (35) found that the use of biologics had a positive effect on the quality of life of patients with CD. The differences may be due to the heterogeneity of patients and studies. Most patients treated with biologics have severe or complex conditions, and their emotional experiences may be completely different in the early stages of treatment and the period after disease control. This suggests that both UC and CD seriously affect the quality of life. Multivariate analysis showed that the independent factors influencing the quality of life of patients with UC were disease activity, annual household income, EIMs, and age, which explained ~57.0% of the quality of life score. However, disease activity, occupational stress, and EIMs were independent factors influencing the quality of life of patients with CD, accounting for ~75.1%.

In our study, disease activity affecting all dimensions of the IBDQ was an independent predictor of poor IBDQ scores, and the amount of explanation reached 50.7% (UC) and 62.3% (CD), respectively. This finding was consistent with other studies (36, 37). Zhao et al. (38) found that high disease activity scores were associated with the early recurrence of IBD after fecal bacteria transplantation. Our data also confirmed that disease activity was associated with the recurrence of IBD. Patients in remission or relapse experience different levels of anxiety, depression, sleep problems, and stress (39). Effective treatment and psychological intervention can reduce disability and improve the quality of life of patients with IBD (40). The reported prevalence of EIMs ranges from 6 to 47% (41). These EIMs regularly result in significant morbidity in patients with IBD, even more so than the intestinal disease itself (42). We found that EIMs simultaneously affected the four dimensions of the quality of life of patients with CD and affected the total IBDQ scores by reducing the social functioning scores in patients with UC. Ott et al. (43) also found that EIMs significantly influence the quality of life. Multidisciplinary management of IBD and EIMs can simultaneously improve outcomes and the quality of life (44). Therefore, disease activity and EIMs should be assessed in patients with IBD on a regular basis as prevention and/or specific treatment can have a major benefit on patients' quality of life and outcomes. Although it was recognized that elderly patients have poorer physiological conditions and higher treatment risks, univariate analysis reported that age could affect several dimensions of the IBDQ in patients with UC, and it was confirmed that age could affect the total IBDQ score in multivariate analysis. Advanced age did positively impact the quality of life of patients with UC, but it was not evident in CD. Perera et al. also confirmed that advanced age did not have a negative impact on the health-related quality of life of patients with IBD (45). The elderly population may receive more social and family support to cope with the condition. We found that low annual household income reduced total IBDQ scores in patients with UC. Two studies, by Liu et al. (46) and Yoon et al. (47), found that annual income was an independent predictor of reduced quality of life of patients with IBD. In addition, low annual household income was found to be a risk factor for disease recurrence in our predictive model. This may be because patients with low income experienced more stress and had fewer treatment options available. Patients with IBD are often impaired in their ability to be employed due to their morbidity. A study from Germany showed that more than half of the patients with IBD had a negative subjective prognosis for employment and experienced daily work-related problems, including reduced work ability, fear of not being fully productive, and work stress (48). Occupational stress was associated with the total IBDQ scores reflecting a decrease in all dimensions in patients with CD based on our results. Occupational stress was an independent risk factor for disease recurrence. Compared to patients with high occupational stress, patients with the standard [OR 0.20 (0.07–0.57)] and relaxed [OR 0.13 (0.04–0.45)] occupational stress had a lower risk of recurrence. For this complex condition, rehabilitation programs and support services that meet patients' needs should be implemented for work-related problems.

At least ~10–50% of patients with CD undergo one or more surgical procedures during their lifetime and ~5–10% of patients with UC require surgery within 5 years (10, 49). Studies suggest that surgery and the use of biologics were associated with the quality of life of patients with IBD (47, 50). Another study found that lower education levels and socioeconomic levels were related factors for the poor quality of life of patients with IBD (51). Our multivariate analysis did not show that intestinal surgery or biologics were independent predictors of the quality of life. This can be explained by the low rate of surgery and the use of biologics. In univariate analysis, we found that complications, profession, and educational background could affect several dimensions of scores of the IBDQ, but there was no statistical significance in multivariate analysis. Several studies have reported a significant correlation between the quality of life and the duration of disease, indicating better quality of life with a greater duration of IBD (50, 52, 53). Knowles et al. argued that, although symptoms persisted, patients no longer reacted negatively to them, viewing this condition as the new normal (54). This change reflects a process of self-adaptation to the chronic condition (55). Our results did not indicate a relationship between the duration of diseases and the quality of life. This may be because the time of our study was concentrated, and long-term longitudinal changes in patients were not visible.

Previous studies rarely considered the impact of disease burden on the recurrence of IBD. In this study, binary logistic regression analysis indicated that the quality of life, occupational stress, and annual household income were independent risk factors for recurrence, among which the quality of life was the most significant factor affecting recurrence. The higher the IBDQ scores, the lower the recurrence probability. Previous studies suggested that relapse-prone patients had a lower quality of life than patients in long-term remission (56, 57). This study found that patients with poor quality of life were more likely to relapse in the short term. These psychological factors will not trigger IBD, but they may have a negative effect on the progression and recurrence of the disease (58, 59). Patients with IBD with lower quality of life and higher occupational stress may be more likely to experience more anxiety, depression, sleep problems, and stress, and thus be more likely to relapse. Studies revealed that the medication compliance of patients with IBD is generally poor, ranging from 25.0 to 40.9%. Poor treatment compliance was closely related to recurrence (60, 61). Low annual household income may be a key factor affecting the treatment compliance of patients, resulting in a relatively high recurrence rate in the short term. The prediction model established by the risk factors affecting the quality of life had a good discriminative effect and could effectively screen for a population at high risk of recurrence. Our study analyzed the four dimensions of the IBDQ and found that they were affected by different factors. Compared with CRP, FC, ESR, endoscopy, or pathology scores, the model established based on the factors influencing the quality of life in this study is more practical, non-invasive, and cost-effective. Clinicians should pay more attention to the quality of life, occupational stress, and low income of patients with IBD. Early detection of patients at high risk of recurrence, as well as enhanced education and follow-up, will have a positive effect on disease control, show an improvement in the quality of life, and lead to a reduction of recurrence in patients with IBD.

This study has several limitations. The long-term quality of life and recurrence rate were not available during the observation period of this study. Due to the differences in socioeconomic factors, the cutoff values of factors affecting the quality of life, such as income, need to be adjusted. In addition, questionnaire participants in this study were mainly young and middle-aged, with the elderly and children being underrepresented. To reduce the selection bias, the study randomly investigated hospitalized patients with IBD at an IBD center and a tertiary hospital in Southwest China. Therefore, the results of the study are still reliable.

In conclusion, quality of life and recurrence rate are prognostic indicators of patients with IBD. The prediction model of recurrence based on factors affecting the quality of life can support the management of IBD by selecting patients at a higher risk of relapse. Interventions targeting the four dimensions of quality of life can be beneficial in reducing relapse and improving the quality of life of patients with IBD. Subsequently, longitudinal studies on the quality of life throughout treatment and after interventions can provide effective social support approaches and optimal management strategies for patients with IBD.
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Variables B value SE P OR 95%cCl

Occupational stress (Relaxed)® —2.067 0.674 0.001 0.13 0.04-0.45
Occupational stress (Standard)® —1.609 0.536 0.003 0.20 0.07-0.57
Annual household income (10,000 or less CNY)® 1.976 0.513 < 0.001 7.22 2.64-19.74
Annual household income (10,000-50,000 CNY)* 0.898 0.408 0.028 2.46 1.10-5.46
IBDQ total scores. —0.026 0.01 0.006 0.97 0.96-0.99
Constant 5.036 1.46 0.001 153.91

B-value, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; IBDQ, Inflammatory Bowel Disease Questionnaire; “Multivariable analysis included variables with a
P-value of <0.1 in the univariate analyses; “occupational stress (relaxed) vs. occupational stress (stressful); ‘occupational stress (standard) vs. occupational stress (stressful); “annual household
income (10,000 or less CNY) vs. annual household income (>50,000 CNY); and ¢annual household income (10,000-50,000 CNY) vs. annual household income (50,000 CNY).
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Variables AUC P 95% Cl Youden index

Occupational stress 64.4% 0.001 0.563-0.724 0.197 0268

Annual household income 68.3% <0.001 0.604-0.761 0293 0707 0586
IBDQ scores 73.0% <0.001 0.656-0.804 0394 0768 0.626
Model 81.1% <0.001 0.748-0.875 0534 0817 0717

AUC, area under the curve; CI, confidence interval; and IBDQ, Inflammatory Bowel Disease Questionnaire.
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Ulcerative colitis Crohn'’s disease

Dimensions Univariate Multivariate analysisb Univariate Multivariate analysisb
analysis?® analysis?
P /7 B
IBDQ total scores 0.570 0.751
Disease activity <0.001 —0.656 —10.978 <0.001 <0.001 —0.674 —9.119 | <0.001
Age 0.002 0.186 3.143 0.002 0.526
Extraintestinal manifestations 0.022 0.135 2228 0.024 0.001 0.253 3.440 0.001
Annual household income 0.064 0.124 2.118 0.036 0.016 0.067 0.904 0.370
Occupational stress 0.131 0.035 —0.251 —3.541 0.001
Profession 0.344 0.011 —0.101 —1.285 0.205
Education background 0.259 0.044 —0.045 —0.632 | 0.530
Complications 0.701 0.022 —0.029 —0371 | 0712
Bowel symptoms 0473 0.607
Disease activity <0.001 —0.628 —9.714 <0.001 <0.001 —0.588 —6.339 | <0.001
Age 0.001 0.203 3.149 0.002 0.360
Extraintestinal manifestations 0.061 0.117 1.835 0.069 0.002 0.253 2.744 0.008
Occupational stress 0.335 0.064 —0.227 —2.540 0.014
Complications 0.721 0.046 —0.044 —0451 | 0.654
Annual household income 0.150 0.008 0.108 1.175 0.246
Profession 0.252 0.022 =0.111 —1115 | 0270
Systemic symptoms 0445 0.700
Disease activity <0.001 —0.667 —10.202 <0.001 <0.001 —0.641 —7912 | <0.001
Age 0.017 0.081 1.234 0.220 0.198
Extraintestinal manifestations 0.043 0.117 1.790 0.076 0.001 0.259 3213 0.002
Occupational stress 0.084 —0.097 —1.470 0.144 0.003 —0.244 —3.132 | 0.003
Complications 0.092 —0.109 —1.680 0.095 0.029 —0.018 —0.211 0.834
Profession 0.406 0.019 —0.046 —0.525 0.602
Annual household income 0.111 0.033 0.029 0.355 0.724
Education background 0.268 0.085 —0.038 —0.478 0.635
Emotional functioning 0.557 0.668
Disease activity <0.001 —0.668 —11.134 <0.001 <0.001 —0.654 =7.673 | <0.001
Age 0.001 0.202 3.392 0.001 0.792
Extraintestinal manifestations 0.033 0.118 1.983 0.050 0.005 0.213 2.509 0.015
Occupational stress 0.088 —0.090 —1.498 0.137 0.062 —0.229 —2.795 0.007
Complications 0.698 0.074 —0.017 —0.187 0.852
Profession 0.206 0.018 —0.157 —1.754 0.085
Annual household income 0.143 0.041 0.061 0716 0.477
Education background 0.356 0.016 -0.093 -1.133 0.262
Social functioning 0.468 0.684
Disease activity <0.001 —0.531 —7.948 <0.001 <0.001 —0.643 —7.721 | <0.001
Annual household income 0.034 0.177 2.706 0.008 0.064 0.024 0.282 0.779
Extraintestinal manifestations 0.018 0.162 2467 0.015 0.002 0231 2794 0.007
Age 0.040 0.165 2422 0.017 0.538
Biological agents 0.050 0.206 3.062 0.003 0.601
Occupational stress 0.212 0.043 —0.251 —3.140 | 0.003
Profession 0.648 0.004 —0.005 —0.060 | 0.952
Complications 0.870 0.013 —0.026 —0.298 | 0.767

“AUnivariate analysis was performed using Mann-Whitney U-tests and one-way analysis of variance. *Multivariate analysis included variables with P < 0.1 in the univariate analysis for multiple
stepwise regression analysis. A P-value of <0.05 was considered statistically significant.
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Variables Xe/r P
Disease activity 18.195 <0.001
Annual household income 21.708 <0.001
Occupational stress 16.488 <0.001
IBDQ total scores. —0.411 <0.001
Age 4.052 0.256
Extraintestinal manifestations 2383 0.123
Complications 3910 0.059
Profession 4.693 0.096
Biological agents 1.023 0312

IBDQ, Inflammatory Bowel Disease Questionnaire.
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Measured outcomes  Study design Risk of bias Inconsistency Indirectness Imprecision Publication bias Other (upgrading  Quality of the
factors) evidence
Colectomy-free ratein  Non-randomized studies (1 Data are from Low heterogensity  Evidencethatthe  Small sample sizes (<400 Allresults come fom  None Very low
the first year =12) (starts aslow qualit)  studies at lowrisk of (2 = 0%) studies found isno  patients) (~1) small studies (1) oo
bias more restrictive then
our PICO
RCTs (1= 3) (starts as high Dt are from Lowheterogensity  Evidencethatthe  Small sample sizes (<400 Allresults come from  None Low
qualiy) studies at Lowrets studies found isno ~ patients) (~1) small studies (1) oco
Tow/unciear risk of more restrictive then
bias our PICO
Colectomy-free ratein  Non-randomized studies (1~ Data are from Moderate Evidencethatthe  Small sample sizes (<400 Allresults come from  None Very low
the third year =6)(startsaslow qualiy)  Studies at lowriskof  heterogeneity (2 > studies foundisno  patients) (1) small studies (~1) 000
bias 60%) (=1) more restrictive then
our PICO
RCTs (1= 2) (starts as high ~ Data are from Lowheterogensity  Evidencethatthe  Small sample sizes (<400 Allresults come from  None Low
qualty) studies at low risk of (2 = 0%) studies found isno  patients) (~1) small studies (1) voo
bias more restrictive then
our PICO
Colectomy-free ratein  Non-randomized studies (1 Data are from Moderate Evidencethatthe  Small sample sizes (<400 Alresuts come from  None Very low
the fifth year =4 (startsaslowqualiy)  Studies atlowriskof  heterogeneity (? > studies foundisno  patients) (1) ‘small studies (~1) 000
bias 60%) (~1) more restrictive then
our PICO
RCTs (0= 1) (starts ashigh ~ Data are from Evidence that the Small sample sizes (<400 All results come from None Low
quality) studies at low risk of studies foundisno  patients) (—1) ‘small studies (—1) eoco
bias more restrictive then
our PICO
Colectomy-free ratein  Non-randomized studies (1 Data are from NA Evidencethatthe  Small sample sizes (<400 Al results come from  None Very low
the tenth year = 1) (starts as low quality)  studies at low risk of studiesfoundisno  patients) (~1) small studies (1) 000
bias more restrictive then
our PICO
(No RCT in the tenth year) NA NA NA NA NA NA NA
Adverse events Non-randormized studies (7 Data are from Moderate Evidencethatthe  Small sample sizes (<400 Alresults come from  None Very low
=6)(startsaslow qualit)  studies at low/high  heterogeneity (2 > studies found isno  patients) (1) small studies (~1) 000
risk of bias (~1) 60%) (—1) more restrictive then
our PICO
RCTs (n=2) (starts ashigh  Data are from Low heterogensity  Evidencethatthe  Small sample sizes (<400 Allresults come fom  None Low
quality) studies at lowrisk of (2 = 0%) studies foundisno  patients) (—1) ‘small studies (~1) veco
bias more restrictive then
our PICO
Serious adverse events  Non-randomized studies (1 Data are from Low heterogenity  Evidencethatthe  Small sample sizes (<400 Allresuts come from  None Very low
= 5) (starts as low quality) studies at (? =0%) studies foundisno  patients) (1) small studies (—1) so00
low/unclear risk of more restrictive then
bias (1) our PICO
RCTs (n=3) (starts ashigh  Data are from Low heterogensity  Evidencethatthe  Small sample sizes (<400 Allresults come fom  None Low
quality) studies at (R =0%) studies foundis o patients) (—1) ‘small studies (~1) veco
low/unciear sk of more restrictive then
bias (1) our PICO
Mortaiity Non-randomized studies (7 Data are from Low heterogensity  Evidencethatthe  Small sample sizes (<400 Allresults come fom  None Very low
=2)(stansaslowquaiy)  studiesatlowhigh (2 =0%) studies found isno  patients) (~1) small studies (1) 000
tisk of bias (1) more restrictive then
our PICO
RCTs (n=3) (starts ashigh  Data are from Low heterogensity  Evidencethatthe  Small sample sizes (<400 Allresults come fom ~ None Low
quality) studies at (P >40%) studies foundisno  patients) (—1) small studies (—1) eoco

low/unclear risk of
bias (- 1)

more restrictive then
our PICO

*Including large effect, dose response, no plausible confounding factors, NA, non-applicable.
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References

Drug regimen (number of
patients)

RANDOMIZED CONTROLLED TRIALS'

Laharie et al. (18)*

Scimeca et al. (197

Wiliams etal. (13)"*

IFX (55): 5 mg/kg at 0, 2, 6 weeks
©YS (60): 2 mg/kg/day IV for 1
week, then 4mg oral for 3 months
IFX (17): 5 mg/kg at0, 2, 6 weeks
©VS (13): 5 mg/kg/day oral

IFX (136): 5 mg/kg at 0, 2, 6 weeks

CYS (135): 2 mg/kg/day IV for 1
week, 5.5 mg/kg oral for 3 months

OBSERVATIONAL STUDIES

Croft etal. (20

Daperno etal. (21)9

Dean et al. (22)¢

Duijvis et al. (23

Kim et al. (24)3

Mocciaro et al. (25

Naves et al. (26)¢

Ordés et al. (27)°

Protic et al. (28)F

Radojcic et al. (29)%"

Sjoberg et al. (30)

Song etal. (31)¢"

“Prospective study.

IFX (37): 5 mg/kg single-dose
infusion

CYS (43): 4 mgrkg (1999-2003), 2
mg/kg (2003-2007), IV for 7 days,
then oral for 3 months

IFX (6):  mg/kg at O, 2 weeks
CYS (15): oral § mg/kg/day

IFX (19): & mgrkg, max. 5 infusion
CYS (19): 2 mg/k/day until
response, then oral

IFX (22): 5 mg/kg IV at 0, 2, 6
weeks

CYS (33): 2 mg/kg/day IV unti
response, then oral for 3 months
IFX (33): 5 mg/rkg IV at 0, 2, 6
weeks

CYS (10): 2 mgrkg V until
response, then AZA

IFX (30): 5 mgrkg IV at 0, 2, 6
weeks

CYS (35): 2 mg/kg/day IV, if
responded, switch to oral after 14
days (56 mg/kg)

IFX (30): 5 mg/kg IV at 0, 2, 6
weeks

CYS (20): 2-4 mg/kg

IFX (131): 5 mg/kg IV at 0, 2,6
weeks

CYS (377): 2-4 mg/kg, then 5-10
mg/kg oral

IFX (54): 5 mg/kg IV at 0, 2,6
weeks

©YS (38): 2-4 mg/kg IV for 7 days,
then & mg/kg oral

IFX (13): not reported

CYS (15): not reported

IFX (49): 5 mg/kg single-dose
infusion

OYS (¢3): 4 mgrkg for 7 days,
then oral 4mg for 18 weeks

IFX (97): not reported

©YS (28): not reported

bMedian + interquartie range (IQR).
©Mean  SD (standard deviation).
9Retrospective study.

ASUC, acute severe ulcerative colitis; IFX, infliximab; CYS, cyclosporine; AZA, azathioprine; 6-MP, 6-mercaptopurine; MTX, methotrexate; I\

Age (years)

36 (26-51)°
39 (26-50)°
394 12°
394 16°
3934 16.5°

39.8 + 15¢

26 (20-43)°
28 (20-37)°
Not reported
Not reported
25 (16-85)°
31 (15-56)°
355+ 15.4°
37.7 £ 13.6°
44 (15-71)>
56 (22-72)°
374 16.6°

349+ 13.7°

38 (27-56)°

42 (30-50)°
40 (13-83)°

36 (9-83)°

39 (16-90)>

Not reported
Not reported
38 (17-60)>
32 (17-72°
Not reported

Not reported

Male (%)

28 (61%)
18 (22%)
not reported
not reported
89 (66%)

81(60%)

15 (41%)
26 (60%)
Not reported
Not reported
11(58%)

12 (39%)

14 (64%)

17 (52%)

25 (76%)
3(30%)

15 (50%)

15 (43%)

30 (100%)

13 (65%)
76 (58%)

217 (58%)

47 ©7%)

Not reported
Not reported
30 (61%)
21(49%)
Not reported

Not reported

Extensive
colitis (%)
31 (55%)
34 (60%)
13 (77%)
11 (85%)
53 (39%)

62 (46%)

27 (73%)
32 (74%)
Not reported
Not reported
10 (53%)
9(47%)

10 (45%)

17 (52%)

12 (36%)

8 (80%)

20 (67%)

29 (83%)

21 (70%)

14.(70%)
9ot

295

49 (65%)

Not reported
Not reported
42 (44%)
30 (70%)
Not reported

Not reported

‘Concomitant medication

AZA starting at day 7
AZA starting at day 7
previous use: AZAMP,

steroid

previous use: AZAMP,
steroid

AZA/B-MP started at week
4

AZA/6-MP started at week
4

AZA/B-MP/MTX
AZA/6-MP/MTX

Steroid

Steroid

AZA

AZA

AZA/6-MP/mesalazin
AZA/6-MP/mesalazin

AZA

AZA/S-MP

NA

AZA

Not reported

Not reported
AZAJB-MP/5-ASA
AZA/G-MP

Not reported

Not reported

Maintenance
therapy

AZA/B-MP + IFX

AZNB-MP

AZA/B-MP/MTX
AZA/B-MP/MTX
AZA
AZA

AZA/B-MPMTX
AZA

IFX

AZAB-MP

AZA + IFX

IFX

AZA

Not reported
Not reported
AZAG-MP
AZA/G-MP

Not reported

Not reported

intravenous; ", abstract form only.

Follow-up

period

7 years

1 year

3years

1 year

4 years

1 year

8years

Syears

Byears

6 years

5years

1 year

1 year

1 year

10 years

Definition of ASUC

Lichtiger score >10 +
Mayo score

Truelove and Witts score

Truelove and Witts + Mayo
score.

Truelove and Witts score

Truelove and Witts score

not reported
not reported

Mayo score

According to international
criteria

Truelove and Witts +
Lichtiger score

Montreal severity score

According to international
criteria

Truelove and Witts +
Lichtiger score

Not reported

Truelove and Witts score

Truelove and Witts + Mayo
score
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Selection

Comparabilty

Outcome

Newcastle-Ottawa scale items

tem 1: Representativeness of the
initial study population—acute
severe ulcerative colitis (ASUC)

Item 2: Representativeness of the
inital study population (ASUC)

Item 3: Ascertainment of severity of
ulcerative colitis

Item 4: Demonstration that
outcome of interest was not present
at start of study

Item 5: Study controls for age, sex

Item 6: Study controls for extent of
disease

Item 7: Assessment of outcome

Item 8: Adequacy of follow-up

High-quality items carrying a low risk of
bias (green)

Only patients with ASUC were included

Only patients with ASUC were included

ASUCs was defined with objective scores
(e.g., Lichtiger score, Mayo score)

The patients had no colectomy before and
were treated with steroid as rescue therapy

No significant difference was detected
between patients treated with cyclosporine o
inflximab regarding age.

No significant difference was detected
between patients treated with cyclosporine o
infliimab regarding extent of disease.

Colectomy-free survival rate o numbers of
patients with colectomy were presented at
least 1-year follow-up

Atleast 12 months follow-up period

Low-quality items carrying a high (red) or an
unknown (yellow) risk of bias.

Low: beside ASUC moderately severe UC cases
were included.

Undlear: no data on selection process.

Low: beside ASUC moderately severe UC cases
were included.

Undlear: no data on selection process.

Low: UC was defined with no objective scores
Undlear: no data about objective severity score
Low: patients had any kind of colon resection before
Unclear: no statement.

Low: significant difference was detected between
patients treated with cyclosporine or infliximab
regarding age.

Unclear: no comparison was performed based on age.
Low: significant difference was detected between
patients treated with cyclosporine or infliimab
regarding extent of disease.

Unclear: no comparison was performed based on
extent of disease.

Low: colectomy rate only available from the
Kaplan-Meier curve

Unclear: no statement

Low: incomplete follow-up with explanations
Undlear: incomplete follow-up without explanation of
the loss.
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Diagnostic performance (95% CI)*

Sensitivity Specificity AUC
Mixed
Diagnosis- IBD vs. non-IBD
FC Cut-off 50png/g 0.95 (0.92-0.97) 0.84 (0.80-0.87) NA
SBCD 0.89 (0.68-0.97) 0.55 (0.36-0.73) NA
FL 0.75 (0.65-0.84) 1.00 (0.50-1.00) 0.84 (0.81-0.87)
MRI-SBCD 0.84 (0.77-0.90) 0.97 (0.91-0.99) 0.95
AntiGP2 AntiGP2 0.24 (0.18-0.32) 0.96 (0.93-0.97) 0.72(0.68-0.76)
IgA 0.15(0.12-0.18) 0.97 (median) NA
19G 0.19 (0.14-0.25) 0.97 (0.94-0.98) 0.71 (0.67-0.75)
Diagnosis- CD vs. UC
AntiGP2 AntiGP2 0.20 (0.04-0.35) 0.97 (median) NA
IgA 0.11 (0.03-0.20) 0.98 (median) NA
1gG 0.30 (0.24-0.36) 0.98 (median) NA
ASCA ASCA 0.533 (0.508-0.557) 0.892 (0.872-0.910) 0.836
IgA 0.408 (0.381-0.435) 0.955 (0.938-0.967) 0.863
19G 0.457 (0.432-0.483) 0.935 (0.917-0.949) 0.85
Diagnosis- CD vs. ITB
ASCA 0.33 (0.27-0.38) 0.83(0.77-0.88) 0.58
IGRA 0.828 (0.784-0.855) 0.867 (0.832-0.896) NA
Activity
CT-SBCD-per patient 0.86 (0.79-0.91) 0.84 (0.75-0.90) NA
FC FC 0.824 (0.802-0.844) 0.721 (0.69-0.75) 0.84
Cut-off 50png/g 0.831 (0.740-0.895) 0.502 (0.359-0.644) 0.774
Cut-off 100g/g 0.725 (0.657-0.784) 0.728 (0.622-0.814) 0.763
Cut-off 200pg/g 0.495 (0.361-0.629) 0.882 (0.738-0.952) 0.67
FL 0.82 (0.73-0.88) 0.71 (0.63-0.78) 0.84 (0.80-0.87)
MRI 0.9 0.89 NA
us Per segment 0.725 (0.454-0.894) 0.977 (0.700-0.999) NA
CEUS 0.94 (0.87-0.97) 0.79 (0.67-0.88) 0.94
Recurrence
FC FC 0.75 (0.64-0.84) 0.71 (0.64-0.76) Q.79
POR-ER 0.82 (0.73-0.89) 0.61 (0.51-0.71) 0.77 (0.74-0.81)
POR-CR 0.59 (0.47-0.71) 0.88 (0.80-0.93) 0.97
POR-Cut-off 50png/g 0.90 (0.83-0.96) 0.36 (0.25-0.47) 0.72
POR-Cut-off 100g/g 0.81 (0.71-0.91) 0.57 (0.48-0.64) 0.67
POR-Cut-off 1501g/g 0.70 (0.59-0.81) 0.69 (0.61-0.77) 0.73
POR-Cut-off 200g/g 0.55 (0.43-0.69) 0.71 (0.62-0.79) 0.69
us POR 0.94 (0.86-0.97) 0.84 (0.62-0.94) 0.9
POR-BS 0.82 (0.76-0.88) 0.88 (0.74-0.95) 0.875
POR-SICUS 0.99 (0.99-1.00) 0.74 (0.73-0.74) 0.92
POR-SBCD-SICUS 0.899 (0.817-0.953) 0.808 (0.606-0.934) NA
MRI-POR 0.973 (0.891-0.998) 0.837 (0.616-0.959) 0.9767
Children
Diagnosis- IBD vs. non-IBD
FC Cut-off 50png/g 0.97 (0.86-1.00) 0.79 (0.69-0.87) NA
Cut-off 100ng/g 1.00 (0.93-1.00) 0.98 (0.93-1.00) NA
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Non-invasive tests

Diagnostic performance (95% CI)*

Sensitivity Specificity AUC
Mixed
Diagnosis- IBD vs. non-IBD
FC 0.78 (0.69-0.86) 0.78 (0.70-0.84) NA
ANCA 0.522 0.99 NA
FL 0.82 (0.67-0.91) 1.00 (0.67-1.00) 0.94 (0.91-0.96)
Diagnosis- UC vs. CD
ANCA 0.553 (0.530-0.576) 0.885 (0.871-0.898) 0.818
Activity
US-per segment 0.886 (0.800-0.939) 0.819 (0.456-0.961) NA
MRE MRE 0.88 (0.86-0.91) 0.88 (0.84-0.91) 0.93
DWI-per segment 0.929 (0.858-0.966) 0.910 (0.797-0.963) NA
LP 0.493 (0.410-0.578) 0.891 (0.813-0.944) 0.82
SBCD-per patient 0.88 (0.82-0.92) 0.81 (0.72-0.88) 0.91
FC 0.873 (0.854-0.891) * 0.76 (0.71-0.81) + 0.771 (0.737-0.803) * 0.71 (0.62-0.78) t+ 0.910.79 (0.75-0.82) +
FIT 0.72 (0.57-0.84) 0.80 (0.67-0.89) NA
FL 0.81(0.64-0.92) 0.82 (0.61-0.93) 0.88 (0.85-0.91)
Recurrence
FC 0.75 (0.70-0.79) 0.77 (0.74-0.80) 0.82

NA, not available; *: endoscopic activity as reference; t: histological activity as reference.
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Dimensions

Total scores

Scores (decline rate %)

uc

Bowel symptoms 10-70 558+ 11.3 (20.2) 552+ 11.1 (21.1) 567 + 11.8 (18.6) 0336
Systemic symptoms 5-35 2494 6.4 (28.9) 247 6.2 (29.4) 25.0 4 6.8 (28.6) 0783
Emotional functioning 12-84 635+ 12.5 (24.4) 633123 (247) 634+ 13.2 (24.6) 0967
Social functioning 5-35 27.947.3(20.3) 28.0 7.2 (20.0) 27.4%7.7 (21.6) 0649
IBDQ total scores 32-224 17224350 (23.2) 172.2 4+ 34.4 (23.1) 172.8 £ 369 (22.9) 0781

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease; and IBDQ, Inflammatory Bowel Disease Questionnaire. “The difference between ulcerative colitis and Crohn’s
disease; A P-value of <0.05 was considered statistically significant.
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Training cohort Verification cohort

IBD (hn=191) UC(h=132) CD (=55 IBD(n=100) UC(n=61) CD (n=39)

Sex, n (%) Male 118 (61.8) 80 (60.6) 38 (69.1) 63 (63.0) 38(62.3) 25 (64.1)
Female 73 (382) 52(39.4) 17 (30.9) 37(37.0) 23(37.7) 14(35.9)
Age, n (%)
0-18 5(26) 1(0.8) 4(73) 4(4.0) 0(0.0) 4(103)
18-35 66 (34.6) 39(29.5) 26 (47.3) 41 (41.0) 20 (32.8) 21(53.8)
36-60 102 (53.4) 79 (59.8) 22 (40.0) 41 (41.0) 29 (47.5) 12 (30.8)
>60 18(9.4) 13 (9.8) 3(55) 14(14.0) 12 (19.7) 2(5.1)

Disease course (year), n (%)

<5 85 (44.5) 62(47.0) 20 (36.4) 58 (58.0) 37 (60.7) 21 (53.8)
5-10 54(283) 38 (28.8) 15(27.3) 25(25.0) 14 (23.0) 11(28.2)
>10 52(272) 32(242) 20 (36.4) 17 (17.0) 10 (16.4) 7(17.9)

Disease activity, n (%)

Remission 17 (89) 7(53) 9 (16.4) 5(5.0) 0(0.0) 5(12.8)
Mild 38(19.9) 31(235) 7(127) 30 (30.0) 17 (27.9) 13(333)
Moderate 80 (41.9) 59 (44.7) 18 (32.7) 40 (40.0) 26 (42.6) 14 (35.9)
Severe 56(29.3) 35(26.5) 21(38.2) 25(25.0) 18 (29.5) 7(17.9)
Bowel resection, 1 (%) 30(15.7) 1(0.8) 28 (50.9) 33(33.0) 10 (16.4) 23 (59.0)
Extraintestinal manifestations, (%) 84 (44.0) 58 (43.9) 24 (43.6) 61(61.0) 39 (63.9) 22(56.4)
Complications, 1 (%) 41(21.5) 17 (129) 24 (43.6) 57 (57.0) 34(55.7) 23(59.0)
Biological agents, n (%) 24 (12.6) 9(6.8) 15(27.3) 42 (42.0) 18 (29.5) 24 (61.5)
Disease location, n (%)
(Montreal El 29 (22.0) 14(23.0)
classification)
E2 39(29.5) 11(18.0)
E3 64(48.5) 36 (59.0)
L1 35 (63.6) 21(53.8)
L2 11(20.0) 10 (25.6)
3 8(14.5) 8(20.5)
L4 1(1.8) 0(0.0)
Bl 45 (81.8) 34(87.2)
B2 7(127) 4(103)
B3 3(5.5) 1(2.6)
Perianal lesions 10(18.2) 12 (30.8)

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease; and EIMS, extraintestinal manifestations.
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Training cohort Verification cohort

IBD(n=191) UC((n=132) CD(n=55 IBD(n=1000 UC(h=61) CD (n= 39)

Family size, n (%)

0-3 91 (47.6) 68 (51.5) 23 (41.8) 40 (40.0) 21 (34.4) 19 (48.7)
4-5 80 (41.9) 53 (40.2) 23 (41.8) 41(41.0) 26 (42.6) 15(38.5)
>5 20 (10.5) 11(83) 9(16.4) 19 (19.0) 14 (23.0) 5(12.8)
Marital status, n (%)

Unmarried 34(17.8) 15 (11.4) 19 (34.5) 31(31.0) 10 (16.4) 21(53.8)
Married 146 (76.4) 108 (81.8) 35(63.6) 66 (66.0) 48 (78.7) 18 (46.2)
Divorced 8(42) 7(53) 1(1.8) 2(2.0) 2(33) 0(0.0)
Death of a spouse 3(1.6) 2(15) 0(0.0) 1(1.0) 1(1.6) 0(0.0)

Education background, n (%)

Primary school or below 27 (14.1) 12 (9.1) 14 (25.5) 13 (13.0) 13(21.3) 0(0.0)
Middle school and high school 65 (34.0) 50(37.9) 13 (23.6) 38(38.0) 23(37.7) 15(38.5)
College degree 92 (48.2) 67 (50.8) 24 (43.6) 43 (43.0) 22(36.1) 21(53.8)
Graduate degree 6(3.1) 3(23) 3(5.5) 5(5.0) 2(3.3) 3(7.7)
Uneducated 1(0.5) 0(0.0) 1(1.8) 1(1.0) 1(1.6) 0(0.0)

Medical insurance, n (%)

Worker’s health insurance 90 (47.1) 68 (51.5) 21(382) 41 (41.0) 22 (36.1) 19 (48.7)
Medical insurance for urban 20 (10.5) 14 (10.6) 6(10.9) 8(8.0) 4(6.6) 4(10.3)
residents

Commercial insurance 1(0.5) 1(0.8) 0(0.0) 1(1.0) 1(1.6) 0(0.0)
Student health insurance 4(2.1) 2(15) 2(3.6) 2(2.0) 1(1.6) 1(2.6)
Rural health care 72(37.7) 43 (32.6) 26 (47.3) 48 (48.0) 33 (54.1) 15 (38.5)
Without health insurance 1(2.1) 4(3.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Profession, n (%)

Manual labor 63 (33.0) 41(31.1) 19 (34.5) 32(32.0) 24(39.3) 8(20.5)
Mental work 66 (34.6) 49 (37.1) 16 (29.1) 31(31.0) 15 (24.6) 16 (41.0)
Both manual labor and mental 62 (32.5) 12 (31.8) 20 (36.4) 37 (37.0) 22 (36.1) 15(38.5)
work

Occupational stress, n (%)

Relaxed 39 (20.4) 25 (18.9) 11 (20.0) 19 (19.0) 12(19.7) 7(17.9)
Standard 122 (63.9) 88 (66.7) 33 (60.0) 58 (58.0) 35(57.4) 23 (59.0)
Stressful 30(15.7) 19 (14.4) 11 (20.0) 23(23.0) 14(23.0) 9(23.1)

Annual household income, n (%)

RMB¥ 10,000 or less 37 (19.4) 25 (18.9) 11 (20.0) 25(25.0) 16(26.2) 9(23.1)
RMBY¥ 10,000-50,000 67 (35.1) 46 (34.8) 21(382) 36 (36.0) 25 (41.0) 11(28.2)
>RMB¥ 50,000 87 (45.5) 61(46.2) 23 (41.8) 39(39.0) 20 (32.8) 19 (48.7)

IBD, inflammatory bowel disease; UC, ulcerative colitis; and CD, Crohn’ disease.
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Characteristics Patients Controls

Number (females/males) 40 (16/24) 17 (10/7)
Age (years) 42 (19-67) 42 (23-78)
BMI (kg/m?) 25.0 (16-44) n.d.
CRP (mg/]) 2.7 (0.6-144.0) nd.
Creatinine (mg/dl) 0.83(0.51-1.12) n.d.
GFR (ml/min) 100 (72-136) n.d.
First diagnosis (years) 10 (0-42) n.a.

BMI, Body mass index; CRP, C-reactive protein; GFR, Glomerular filtration rate; n.a.,
Not applicable; n.d., Not documented.
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Calprotectin ng/g <50 <150 > 150 > 500 P-value

Number (females/males) 17 (8/9) 10 (5/5) 6(2/4) 7 (1/6)

Age (years) 5320:¢ (30-67) 34P (23-55) 29¢ (19-56) 28% (20-65) 0.0382
0.010°
0.013¢

BMI (kg/m?) 26 (20-44) 24 (17-35) 25 (22-32) 22 (16-40)

CRP (mg/l) 1.9 (0.6-21.1) 12> (0.6-26.3) 6.7¢ (0.6-18.1) 25.0%b:¢ (11.2-144.0) 0.0012
0.001°
0.025¢

Creatinine (mg/dl) 0.84 (0.67-1.06) 0.78 (0.59-1.12) 0.86 (0.63-1.03) 0.80 (0.51-1.06)

GFR (ml/min) 89%b:¢ (72-119) 105" (91-120) 106¢ (95-131) 110? (97-136) 0.0072
0.020°
0.025¢

First diagnosis (years) 14 (2-42) 10 (0-32) 6 (0-35) 3(1-16)

Chemerin pg/ml 32.9 (20.0-341.7) 35.2% (19.9-365.7) 20.1° (20.1-220.8) 178.3% (19.8-1470.3) 0.0332
0.007>

Chemerin CV% 113 127 153 126

Median values and ranges are listed. Significant different measures were marked with identical uppercase letters (BMI, Body mass index; CV, Coefficient of variation; CRP, C-reactive
protein; GFR, Glomerular filtration rate).
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Nurmber of subjects (1)
Age (year)
Gender (n)
Female
Male
Disease duration (months)
Disease extent (n)"**
E1
£2
E3
Blood neutrophil (%)
Serum albumin (/L)
ORP (mg/L)
ESR (mmvhour)
NAR

Data are presented as mean  SD when applicable.

uc

146
385+98

52
94
3644169

27
48
70
69.66 £ 11.041
36.80+7.31 )
31.29 +23.28
53.84 + 36.96
1.95+£0.41 1

Healthy controls

133
372+ 104

50
83

50.38 + 8.52
42.40 £ 2.67

1.41+£0.23

p-value

0.2834"

0.7319"

<0.0001*
<0.0001"

<0.0001"

UC, ulcerative colts; ESR, erythrocyte sedimentation rate; CRR, C-reactive protein; NAR,

neutrophil-to-albumin ratio.

“Student's t-test (unpaired, two-tailec], p < 0.05 was considered statistically significant.

‘Chi-square test, p < 0.05 was considered statistically significant.
*Phenotypes of UC were classified according to the Montreal classification system.

‘tand: increased and decreased compared with healthy controls, respectively.
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MVP mucosal vascular pattern; NBI, narrow-band imaging.
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