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Background: Ulcerative colitis (UC) is a chronic relapsing remitting form of inflammatory bowel disease (IBD). Current disease
monitoring includes evaluation of symptoms, fecal calprotectin, and colonoscopy. Due to limited availability of the latter two
modalities in China, we sought a readily available, inexpensive, disease monitoring laboratory assessment. We recently identified
a novel serological index (the neutrophil-to-bilirubin ratio, NBR) for monitoring disease activity in Crohn’s disease. However, the
clinical significance has not been evaluated in UC. Here, we aimed to verify the hypothesis that NBR might be useful in monitoring
clinical and endoscopic activity in patients with UC.

Methods: To test our hypothesis, we conducted a single-center, retrospective study including a total of 188 patients with UC and 145
non-IBD controls. NBR was calculated to determine its practical value in monitoring disease activity (including clinical and
endoscopic activity). Disease activity of UC was determined by the partial Mayo score and the Mayo endoscopic score (MES) system.
Results: NBR was significantly higher in patients with UC than that in controls (12.10, IQR: 9.85-16.69 versus 5.06, IQR: 3.94-6.55;
p < 0.001) and showed positive correlations with clinical and endoscopic disease activity in UC. Additionally, NBR was significantly
lower in patients with endoscopic mucosal healing (MH) than that in those without endoscopic MH (8.81, IQR: 6.67—-11.67 versus
13.51, IQR: 11.04-18.71; p < 0.001). Serial evaluation of NBR in a subset of patients demonstrated that NBR was significantly
decreased during the MH stage compared with that during the endoscopically active stage.

Conclusion: Our study suggests that NBR may be a promising candidate for assessing disease activity in UC, with potential for
widespread clinical use and significant clinical implications.
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Introduction
Ulcerative colitis (UC) is a chronic and disabling inflammatory bowel disease (IBD) characterized by an inflammatory
condition of the colon and rectum. The prevalence of UC is rapidly growing worldwide and rising health expenditures,'
leading to a substantial healthcare burden. It costs approximately three-fold more in patients with IBD than non-IBD
controls regarding both direct and out-of-pocket costs of care,’ which in turn limits their access to further testing and
treatment, particularly in low- and lower-middle-income countries.”*

Endoscopic examinations remain the diagnostic gold standard for the assessment of endoscopic and histological
activity in IBD. However, endoscopy is invasive, expensive and time-consuming, thereby limiting access and utilization.’
Endoscopy has also been reported to be a high-risk procedure for SARS-CoV-2 transmission.® The rate of endoscopic

examination has been greatly decreased for patients with IBD since the COVID-19 outbreak.” Given the advantage of
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noninvasiveness, serological and fecal biomarkers that can accurately reflect the endoscopic and histological activity in
IBD have become a resurgent interest in the IBD area.

To date, the diagnosis and management of IBD have received increasing attention worldwide. The identification of
non-invasive, sensitive, disease-specific, and affordable biomarkers for the diagnosis and activity assessment of IBD, as
well as individualized therapies, is of great significance.® Fecal calprotectin (FCP) has been reported to be useful in
various situations such as diagnosis of IBD, correlation with endoscopic severity, assessment of therapeutic effect, and
prediction of relapse.” However, since an FCP test costs 10 times more than a blood cell test, and 6 times more than
a serum biochemical test in China, its application is relatively limited, especially in underdeveloped areas, such as
Sichuan province. In addition, serological markers are widely used in the clinical management of IBD. The most
intensively evaluated serum-based marker was C-reactive protein (CRP) and frequently done as a reference for novel
potential markers. However, it has been mentioned that CRP lacks diagnostic accuracy needed for clinical decision-
making in patients with UC.

Recently, we identified a novel serological index, the neutrophil-to-bilirubin ratio (NBR), which was effective in
monitoring disease activity and predicting response to infliximab (IFX) treatment in patients with Crohn’s disease
(CD).'® However, the use of NBR in UC has not yet been reported. We thus hypothesized that NBR might be useful
in monitoring clinical and endoscopic activity in patients with UC.

To test our hypothesis, we conducted a single-center, retrospective study that included patients with UC. We analyzed
NBR levels and evaluated their correlation with clinical and endoscopic activity. Our study has demonstrated a significant
correlation between NBR and both clinical and endoscopic disease activity in patients with ulcerative colitis (UC), which
highlights its potential clinical utility for monitoring disease progression. Moreover, NBR may be a non-invasive, cost-
effective, easily measurable index for personalized treatment and long-term outcome prediction in UC patients.

Materials and Methods

Participants

The study protocol was approved by the Ethics Committee of the Sichuan Provincial People’s Hospital, Chengdu, China
(N0.201685, 2020204), and it conformed to the principles of the Declaration of Helsinki. The study aimed to investigate
the potential role of NBR for assessing disease activity during the disease course in UC patients. We collected patients’
clinical and laboratory characteristics via reviewing their medical records. The study included 188 patients with UC from
the Department of Gastroenterology, Sichuan Provincial People’s Hospital, Chengdu, China, between January 2018 and
May 2022. The inclusion criteria for UC patients were a confirmed diagnosis of UC based on conventional criteria,
including clinical signs, endoscopic findings, and histological criteria.'' Exclusion criteria for UC patients included the
presence of other gastrointestinal diseases, cancers, infections, other systemic autoimmune diseases, hypertension,
diabetes, hematopoietic system disease, hepatobiliary disease, and coagulation abnormalities. Additionally, to evaluate
the potential usefulness of NBR in UC patients, we also retrospectively included 145 non-IBD controls who underwent
routine physical examinations in the hospital during the study period. The inclusion criteria for controls were being age-
and gender-matched with UC patients, and the exclusion criteria for controls were excessive alcohol consumption,
hematopoietic system disease, hepatobiliary disease, coagulation abnormalities, hypertension, diabetes, infections, other
systemic autoimmune diseases, other gastrointestinal diseases, and cancers. The collection and analysis of data were
conducted in a blinded and randomized manner to reduce possible bias and ensure the integrity of the study.

Evaluation of Disease Activity of UC

The disease extent in patients with UC was determined based on the Montreal classification.'? The partial Mayo score
system (p-Mayo) was employed to evaluate clinical disease activity of UC."* Clinical activity of UC was defined as
follows: remission, a p-Mayo score of <2; mild, a p-Mayo score of >3 and <5; moderate, a p-Mayo score of >5 and <7;
severe, a p-Mayo score of >7. The evaluation of endoscopic activity of UC was performed by experienced gastroenter-
ologists who had been practicing endoscopy for more than 5 years and had previous experience with various IBD scores.
All the gastroenterologists belonged to our clinical center, the Department of Gastroenterology at Sichuan Provincial
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People’s Hospital, which specializes in IBD management. They were well versed in clinical trials that included
endoscopic evaluations. All the gastroenterologists underwent a training session in which they reviewed the endoscopic
scoring system used in the study and received guidelines and instructions on the methodology of the scoring system to
standardize the interpretation of endoscopic images and the assignment of scores. The Mayo endoscopic score (MES)
system was employed to assess the endoscopic appearance in patients with UC, which was based on mucosal erythema,
vascular pattern, friability, and ulceration.'"* The MES ranges from 0 to 3, with higher scores indicating more severe
disease activity. A score of 0 indicates a normal mucosal appearance, while a score of 3 indicates severe disease with
ulcers, spontaneous bleeding, and loss of vascular pattern. Endoscopic MH was defined as a MES of 0 or 1, and
endoscopic complete MH was defined as a MES of 0."°

Statistical Analysis

All statistical analysis was performed using a Prism software Version 8.4 (GraphPad Software, San Diego, California,
USA). Kolmogorov—Smirnov test was performed for checking data normality. NBR was defined as the ratio of blood
neutrophil percentage-to-serum bilirubin level. Differences of NBR between groups were examined by the Mann—
Whitney test (between two groups) or the Kruskal-Wallis test (among three or four groups), which was followed by
the Dunn’s multiple comparisons test to determine the differences of each group with every other group. The discrimi-
nating performance of FCP, CRP, and NBR in indicated scenarios was determined by receiver operator curves (ROC)
analysis. The area under the ROC curve (AUC) between 0.5 and 0.6 suggests the bad accuracy of a diagnostic test. AUC
between 0.6 and 0.7 suggests sufficient accuracy, between 0.7 and 0.8 good accuracy, between 0.8 and 0.9 very good
accuracy, whereas AUC higher than 0.9 suggests the excellent accuracy of a diagnostic test.'® To determine the
difference of NBR in the same patients but in different disease stage, the Wilcoxon signed rank test was performed.
p value <0.05 was set as statistically significant.

Results

Basic Characteristics and Clinical Parameters of the Participants

In the present study, a cohort of 188 patients with UC and 145 non-IBD controls were enrolled. Demographic and clinical
characteristics of both groups are depicted in Table 1. The female proportion of patients and control group was 51.1% (96
of 188) and 46.2% (67 of 145), respectively (p = 0.47). The median age of patients with UC was 38.0 years old (yr)
(interquartile range: 29.3 to 46.6 yr). Control subjects (median age: 36.0, interquartile range: 31.0 to 44.5 yr) were age-
matched with patients. Regarding UC extent, based on the Montreal classification system, 22.3% had proctitis (E1),
35.1% had left-sided colitis (E2), and 42.6% had extensive colitis (E3). Neutrophil percentages were examined by
complete blood cell tests, and total bilirubin levels were detected by serum biochemistry tests. NBR was calculated as the
ratio of neutrophil percentages over serum total bilirubin levels. NBR was 2-fold higher in patients with UC than that in
controls (12.10, IQR: 9.85-16.69 versus 5.09, IQR: 3.94-6.55) (Table 1 and Figure 1A).

NBR Reflects Clinical Disease Activity in UC

Since the treatment of UC is complex and the monitoring of disease activity is required in order to evaluate efficacy in
achieving disease remission, we moved forward to explore whether NBR could be used to assess UC activity. According
to p-Mayo scores, patients with UC were divided into 4 groups: 1 remission group and 3 active groups (Mild, Moderate,
and Severe). The values of NBR were compared among all groups, showing that NBR in patients with active UC was
markedly higher than that in patients in clinical remission (Figure 1B). Since previous research has demonstrated a role
of bilirubin alone to distinguish active IBD,'”"'® we compared the ability of NBR and bilirubin alone in this scenario. As
shown in Supplementary Figure 1A, NBR (AUC = 0.8333) showed a better performance to differentiate active UC from
the remission than bilirubin (AUC = 0.7439) or neutrophil alone (AUC = 0.7613).

Furthermore, patients with active UC were further categorized into three groups according to p-Mayo score
(Figure 1C). Patients with severe UC (a p-Mayo score of >7) had the highest levels of NBR, followed by those with
moderate UC (a p-Mayo score of 5 or 6). Patients with mild UC (a p-Mayo score of 3 or 4) showed lower NBR levels
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Table 1 Demographics and Clinical Parameters of UC Patients and Controls

ucC Healthy Controls p-value

Number of subjects (n) 188 145 -
Age (year) 38 (32-49) 43 (34-51) 0.056°
Gender (n)

Female 96 67 0.44°

Male 92 78
Disease duration (months) 34 (23-48) - -
Disease extent (n)®

El 42 -

E2 66 -

E3 80 -
Treatment (n)

5-aminosalicylic acid 155 -

Corticosteroids 53 -

Immunomodulators 50 -

Biologic agents 22 -
Blood neutrophil (%) 67.9 (58.8-76.3) 61.0 (55.4-67.0) <0.001°
Serum bilirubin (mmol/L) 5.4 (4.4-6.8) 11.7 (8.9-16.0) <0.001°
NBR 12.10 (9.85-16.69) 5.09 (3.94-6.55) <0.001°
CRP (mg/L) 22.9 (13.4-31.97) - -

Notes: Data are presented as median (IQR) when applicable. *Phenotypes of UC were classified according to the
Montreal classification system. ®Mann—Whitney test, P < 0.05 was considered statistically significant. “Chi-square
test, P < 0.05 was considered statistically significant.

Abbreviations: UC, ulcerative colitis; NBR, neutrophil-to-bilirubin ratio; CRP, C-reactive protein.

than the moderate or severe group. We also evaluated NBR levels in a subgroup of patients with UC whose normal CRP
levels (<10 mg/L, n = 38) and found that NBR levels were markedly elevated in patients with clinically active UC
compared to those in remission (Figure 1D). These data demonstrate that NBR indicates the clinical disease severity of
UC, even in patients with normal CRP levels.

Correlations of NBR with Endoscopic Disease Activity in UC

The disease activity of UC can be evaluated on several aspects: clinical, biochemical, radiographic, endoscopic, and
histological. However, a patient with UC does not necessarily achieve endoscopic remission in the condition of clinical
remission, and vice versa, a patient might complain gastrointestinal symptoms, probably due to concomitant functional
disease of the gut, when there are no visible endoscopic inflammatory changes. Therefore, endoscopic remission remains
the gold standard in the management of IBD.'”?*> Next, we sought to investigate whether NBR was correlated with
endoscopic disease activity in patients with UC. As shown in Figure 2A, endoscopic activity is significantly correlated
with increased NBR. Elevated serum CRP levels were also significantly correlated with endoscopic activity (Figure 2B);
however, unlike NBR, patients with a MES score of 0 and 2 showed no significant differences in CRP and neither did
patients with a MES score of 1 and 2 (Figure 2B), suggesting that NBR might be more practical for discriminating
endoscopic activity than CRP.

In the current study, endoscopic MH was defined as MES < 1 (either completely normal or quiescent mucosa). We
found that NBR was significantly lower in patients achieving MH (MES 0/1) than in those without MH (MES 2/3)
(Figure 2C). As shown in Supplementary Figure 1B, NBR (AUC = 0.8152) showed a better performance to differentiate
endoscopic MH (+) from MH (-) than bilirubin (AUC = 0.7217) or neutrophil alone (AUC = 0.7263). Additionally,
a recent comprehensive analysis indicated that achieving complete MH (CMH, MES = 0) was more critical to avoid
disease recurrence.” Therefore, we assessed whether NBR could detect CMH in patients with UC and found that NBR in
patients who achieved CMH was significantly lower than that in those without CMH (MES=1/2/3) (Figure 2D).
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Figure | NBR levels are increased in patients with clinically active ulcerative colitis (UC). (A) NBR levels were evaluated in 188 patients with UC and in 145 healthy controls
(HC). (B) The clinical disease activity of UC was determined by p-Mayo score. NBR levels were compared between patients in clinical remission (n = 57, p-Mayo score < 2)
and with active UC (n = 131, p-Mayo score > 2). Mann-Whitney test, ***P < 0.001. (C) NBR levels of patients with active UC were plotted according to p-Mayo scores
(Mild, n = 69; Moderate, n = 31; Severe, n = 31). Kruskal-Wallis test followed by Dunn’s multiple comparisons test. (D) Levels of NBR were determined in UC patients with
normal C-reactive protein (CRP) levels (< 10 mg/L). Patients with UC were divided into clinical remission (n = 18) and active (n = 20). Mann-Whitney test, **P < 0.001.

Efficacy of NBR as a Serological Marker for Monitoring MH in Patients with UC

Since we revealed a potential role of NBR as a biomarker in UC, we next evaluated its diagnostic accuracy in monitoring clinical
activity and MH by ROC curve and AUC analysis. As shown in Figure 3A, NBR exhibited higher AUC than CRP for the
determination of clinical remission by p-Mayo score. Moreover, the AUC for NBR was higher than that for CRP for the
prediction of endoscopic MH (Figure 3B) and CMH (Figure 3C). We further detected fecal calprotectin (FCP) levels in
a subgroup of patients (n = 94). In regard to the prediction of clinical activity and endoscopic MH, the AUC for NBR and
FCP was comparable, although FCP showed a better performance in the determination of endoscopic CMH. Collectively, these
findings strengthen our evidence that NBR is an effective serological biomarker for predicting MH in UC.

NBR as a Biomarker to Monitor MH During the Clinical Course of Patients with UC
Next, we further determined the application values of NBR for the assessment of MH in UC by monitoring changes in NBR
levels during the course of disease. We retrospectively included a subset of patients (n = 57) with active mucosal inflammation
(a MES score of 2 or 3). During a median follow-up period of 16 months (interquartile range: 8 to 25 months), 31/57 patients
achieved endoscopic MH (a MES score of 0 or 1). Serial NBR evaluation was performed at both the beginning and the end of
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Figure 2 Correlation of NBR with endoscopic activity in patients with UC. All enrolled patients with UC (n = 188) were divided into 4 groups according the Mayo
endoscopic score (MES) system. (A) NBR levels of patients with UC were plotted according to the endoscopic disease activity (MES 0, n = 12; MES |, n = 43; MES 2, n = 76;
MES 3, n = 57). Kruskal-Wallis test followed by Dunn’s multiple comparisons test. (B) CRP levels of patients with UC were plotted according to the endoscopic disease
activity. Kruskal-Wallis test followed by Dunn’s multiple comparisons test. (C) Endoscopic mucosal healing (MH) was defined as MES < | and NBR levels were compared
between patients with (n = 55) or without (n = 133) endoscopic MH. Mann—Whitney test, ***P < 0.001. (D) Endoscopic complete MH (CMH) was defined as MES = 0 and
NBR levels were compared between patients with (n = 12) or without (n = 176) endoscopic CMH. Mann—Whitney test, ***P < 0.001.

follow-up. We analyzed changes of NBR levels in patients achieved endoscopic MH and found that NBR levels were
significantly higher at the time of endoscopically active disease than at the time of MH (Figure 4A). Moreover, in these
longitudinally followed patients, analysis of the association between changes of NBR levels and achievement of MH showed
that 75% (24/32) patients with a decrease >30% in NBR established endoscopic MH, while only 28% (7/25) patients with
a decrease <30% did (Figure 4B). These data indicate that NBR might be effective to reflect mucosal status during the disease
course of patients with UC.
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Figure 3 Efficacy of NBR as a serological marker for prediction of MH in patients with UC. The receiver operating curves (ROCs) for NBR, CRP and fecal calprotectin
(FCP) levels in discrimination of (A) clinical remission, (B) endoscopic MH, and (C) endoscopic CMH of patients with UC are shown. The values of area under the ROC

curve (AUC) are also shown. P < 0.05 was considered significant.
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Figure 4 NBR as a biomarker to monitor MH during the clinical course of patients with UC. A subset of patients with active mucosal inflammation (57/133) were enrolled
in the follow-up assessment. The enrolled patients had a median follow-up of 16 months (interquartile range: 8 to 25 months). NBR levels were measured at both the
beginning and the end of follow-up in each participant. (A) 31/57 patients achieved endoscopic MH (a MES score of 0 or I). Shown are serial NBR levels in patients in
relation to the mucosal status. (B) All participants were divided into 2 groups: patients with a decrease > 30% in NBR (n = 32) and those with a decrease < 30% (n = 25). Pie
charts are showing the number of patients achieved MH in each group. ***P < 0.001 determined using Wilcoxon signed rank test.

Discussion
To our best knowledge, this is the first study to investigate the clinical utility of NBR to help assess clinical and
endoscopic disease activity of UC. The principal findings of our study were that NBR was significantly higher in patients
with UC than that in controls and showed significantly positive associations with the clinical and endoscopic activity.
In the management of inflammatory bowel disease (IBD), biomarkers are increasingly utilized for diagnosis,
monitoring, and individualized therapies. However, no biomarkers have been found that can replace endoscopy for
these purposes. While some inflammatory biomarkers such as CRP and FCP have been validated in large populations,
most biomarkers require further validation. The discovery of appropriate biomarkers could reduce the need for expensive
and invasive endoscopy, which would decrease the healthcare burden on patients and clinicians. While blood routine
examination markers such as white blood cell (WBC), neutrophil, and lymphocyte are commonly used as inflammatory
indicators in clinical practice, their low sensitivity and specificity make it difficult to predict disease activity or
progression using a single biomarker.>* In addition to such basic parameters, recent studies have focused on the
combination of two parameters and have highlighted the potential value of the neutrophil-to-lymphocyte ratio
(NLR),* platelet-to-lymphocyte ratio (PLR),?® and lymphocyte-to-monocyte ratio (LMR)? for assessing disease activity
and predicting therapeutic effects. For example, NLR and PLR are elevated in active UC patients compared to inactive
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patients and healthy controls, indicating that an index that combines two blood parameters might be more useful than
each single parameter.

Neutrophilic accumulation in inflamed mucosa tissues in the alimentary tract of IBD patients is a hallmark of the
disease and intimately associated with disease activity.”® Moreover, disappearance of mucosal neutrophils is correlated
with an improvement of clinical outcome. Therefore, the necessity of neutrophilic infiltration evaluation has been
highlighted by ECCO guidelines for the histological diagnosis of this disease and its activity.”” On the other hand,
bilirubin is generated during the breakdown of heme by the sequential action of heme oxygenase and biliverdin
reductase. Bilirubin has been documented to play anti-oxidative and anti-inflammatory roles in many disorders, including
colitis.**>* Although high levels of serum bilirubin have known to be cytotoxic, multiple clinical reports have shown an
inverse association between the risk of IBD and bilirubin levels. For, example, patients with the Gilbert’s polymorphism
(who have a buildup of unconjugated bilirubin in their blood) have a decreased risk of CD,**° and patients with IBD
show significantly lower levels of bilirubin than controls. Decreased bilirubin levels indicate higher CRP, ESR, fecal
calprotectin and disease activity scores.'® Therefore, in the current study, we “augmented” the usefulness of neutrophil
and bilirubin by adjusting to each other (the ratio of neutrophil-to-bilirubin) and investigated whether NBR might be
more useful in monitoring clinical activity and MH in patients with UC than neutrophil or bilirubin alone.

Recent studies suggest that clinical remission may not be the optimal initial focus of UC therapy. As it is known that
symptoms and the presence or activity of mucosal inflammation do not always correlate, therapeutic strategies based
solely on symptoms may not provide the best management for UC.?” Patients may experience symptom relief while still
having active mucosal inflammation, leading to under-treatment and a higher risk of recurrence. Conversely, some
patients may continue to have symptoms despite there being no significant inflammation in the gastrointestinal mucosa,
which may lead to the abandonment of current therapy or unnecessary replacement or escalation. Accumulating
evidences have emphasized the importance of achieving MH in the management of UC. Mucosal healing is thought to
be associated with a reduced risk of disease relapse and complications and an important predictor of long-term outcomes
in UC patients. Achieving MH was associated with a lower risk of adverse outcomes such as hospitalization, surgery, and
cancer.***° Furthermore, mucosal healing has been shown to improve quality of life and reduce the need for medication.

Therefore, achieving endoscopic remission or MH is now considered the primary therapeutic goal.'®

Despite the growing
recognition of the importance of MH, achieving this goal remains a challenge in clinical practice. Patients with UC may
require more aggressive therapy to achieve MH, such as early use of biologic agents or combination therapy. Close
monitoring of disease activity and treatment response is also crucial to ensure that patients are on the right treatment path
to achieve MH.

Although endoscopy is currently the most effective method for detecting mucosal inflammation in patients with UC,
its clinical application is often limited due to its invasiveness, high cost, and the need for experienced endoscopists and
expensive equipment. Furthermore, patients often experience discomfort, embarrassment, and inconvenience due to
colonoscopy and bowel preparation.*'** As a result, researchers have been actively searching for non-invasive biomar-
kers that are inexpensive, easily accessible, and accurate for evaluating endoscopic activity. To date, a variety of
serological and fecal biomarkers have been investigated for their potential in assessing endoscopic activity.® In this
context, we have demonstrated that NBR may be a useful biomarker for monitoring endoscopic activity in patients with
UC, particularly during long-term follow-up. Unlike other biomarkers, NBR combines two easily measurable parameters
and has the potential for widespread clinical use. In addition, the use of NBR for monitoring endoscopic activity in UC
patients may have significant clinical implications. It could potentially reduce the need for frequent endoscopic
examinations, which are burdensome for patients, expensive, and require experienced endoscopists. Furthermore, NBR
could facilitate earlier detection of disease activity and prompt adjustments to treatment strategies, potentially leading to
better long-term outcomes for UC patients.

In spite of these findings, some limitations in our study need mentioning: 1) FCP is the current gold standard for non-
invasive monitoring disease activity. Although we compared NBR and FCP in the current study, the sample size was
small. The comparison needs to be further evaluated in greater depth in terms of disease activity monitoring in the
following studies; 2) the sample size of this study is relatively small, so single-center or multi-center studies involving
a much larger sample size are required to validate the clinical significance of NBR.
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In conclusion, our findings suggest that NBR could be a rapid, non-invasive, and cost-effective tool for assessing
disease activity in UC patients, particularly in resource-limited areas. Further studies are needed to validate the utility of
NBR in larger patient cohorts and to evaluate its potential as a surrogate marker for MH in UC.
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