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Abstract
AIM 
To evaluate the efficacy of quantitative fecal immunochemical test (FIT) as biomarker of disease activity in ulcerative colitis (UC).

METHODS
Between February 2013 and November 2014, a total of 82 FIT results, obtained in conjunction with colonoscopies, were retrospectivelyevaluated for 63 patients with UC. The efficacy of FIT for evaluation of disease activity was compared to colonoscopic findings. Quantitative fecal blood with automated equipment examined from collected feces. Endoscopic disease severity were assessed using the Mayo endoscopic subscore (MES) classification. The extent of disease were classified by proctitis (E1), left sided colitis (E2), andextensive colitis (E3). Clinical activity were subgrouped by remission or active.

RESULTS
All of 21 patients with MES 0 had negative FIT (< 7 ng/mL), but 22 patients with MES 2 or 3 had a mean FIT of > 134.89 ng/mL. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy of negative FIT about mucosal healing were 73.33%, 81.82%, 91.49%, 51.43% and 73.17%, respectively. The sensitivity, specificity, PPV, NPV and accuracy of predictive value of positive FIT (cutoff value > 100 ng/mL) about active disease status were 45.45%, 93.33%, 71.43%, 82.35% and 26.83%, respectively. Among patients with clinical remission, FIT was negative in 31 (81.6%) of 38 cases, with a mean fecal hemoglobin concentration of 6.12 ng/mL (range, negative to 80.9 ng/mL) for this group of patients. Among patients with clinical active disease, FIT was negative in 16 (36.4%) out of 44 cases, with a mean fecal hemoglobin concentration > 167.4 ng/mL for this group of patients. FIT was positively correlated with endoscopic activity (r = 0.626, P < 0.01) and clinical activity (r = 0.496, P < 0.01). But, FIT did not correlate with the extent of disease (r = -0.047, P = 0.676)
CONCLUSION
Quantitative FIT can be a non-invasive and effective biomarker for evaluation of clinical and endoscopicactivity in UC, but not predict the extent of disease.

Key words: Ulcerative colitis; Fecal immunochemical test; Mayo endoscopic subscore; Biomarker; Disease activity
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disorder of the colorectum that is characterized by a clinical course of remission and relapse[1]. Assessment of the response to treatment and monitoring of disease activity are two important aspects of the clinical management inpatients with UC. Clinical indices do not always correlate with actual inflammation in UC patient and active mucosal inflammation is often present in asymptomatic patients. Therefore, recent opinions increasingly requireto achieve both clinical response and endoscopic mucosal healing (MH) in the treatment of UC[2-4]. To date, the evaluation of mucosal inflammation with colonoscopy is the gold standard to assess disease activity in patients with UC. However, colonoscopic examination is difficult to frequently perform due to cost and inconvenienceto patients. Therefore, identification of non-invasive biomarkers of disease activity in UC is a research priority.
[bookmark: OLE_LINK98][bookmark: OLE_LINK100]Fecal calprotectin (FC) may provide a promising non-invasive marker of mucosal inflammation, with several studies having shown a correlation between FC and the severity of mucosal inflammation[5-9]. However, the measurement of FC requires the enzyme-linked immunosorbent assay technique which usually can only be performed in tertiary healthcare institutions, usually takes several hours to perform and is expensive[6]. In contrast, quantitative fecal immunochemical test (FIT) measures hemoglobin concentration in feces by using an antibody for human hemoglobin. FIT has been used to screen for colorectal cancer in the general population[10]. FIT quantifies blood in fecal samples simply and rapidly using automated equipment.[11] In patients with UC who are in clinical remission, occult blood can be present in stool samples due to residual mucosal inflammation.In fact, previous studies have shown that FIT correlates well with the mucosal status in patients with UC[12,13]. 
In this study, we measured FITs in patients with UC who had undergone colonoscopy with the aim of comparing endoscopic disease activities with FITs. Furthermore, unlike other studies thus far, we used FIT to compare clinical disease activity and extent of the disease.

MATERIALS AND METHODS
Patients and diagnosis of UC
Between February 2013 and November 2014 we retrospectively reviewed the medical records of patients with UCat the Pusan National University Yangsan Hospital, Korea. During the period, a total of 206 patients with suspected UC were evaluated. UC is diagnosed based on a comprehensive medical history and clinical features, in combination with typical endoscopic and biopsy findings according to current guidelines. UC is a chronic inflammatory condition causing continuous mucosal inflammation of the colon without granulomas on biopsy, affecting the rectum and a variable extent of the colon in continuity, which is characterized by relapsing and remitting course[14,15]. Patients are not clearly diagnosed with UC including inflammatory bowel disease unclassified (IBDU) and indeterminate colitis were excluded. IBDU is the cases where a definitive distinction between UCand Crohn’s disease (CD), or other cause of colitis cannot be made after the history, endoscopic appearances, histopathology and appropriate radiology[15]. Indeterminate colitis is a term which has overlapping features of UC and CD[16]. Rule out other diseases in this process, a total of 187 patients were diagnosed with UC. Patients not performed colonoscopy or FIT were excluded and patients with the interval of FIT and colonoscopy was more than 1 wk were also excluded. Finally a total of 82 FIT results of 63 patients who underwent colonoscopy included in this study (Figure 1).

Fecal sampling and FIT analysis
Fecal samples were prepared on the morning of hospital visit or the previous day hospital visit. FIT results were obtained on the day of colonoscopy (56/82, 68.3%) or within 1 wk (before or after) of colonoscopy (26/82, 31.7%). About seasonally correlation FIT results and disease activity or mucosa status in UC patients is not yet known. But one study reported that FIT results and disease activity of patients with UC can deviate for 2-4 wk[17]. With reference to the study, patients with more than 1 wk intervals between FIT and colonoscopy were excluded. Submitted stool samples were immediately processed and examined using the HM-JACK system (Kyowa Medex, Japan),a fully automated quantitative FIT system. The HM-JACK system can accurately measure fecal hemoglobin concentration within a range of 7-300000 ng/mL. Stools with a hemoglobin concentration > 1000 ng/mL were classified as bloody stools. On the other hand, fecal specimens with a hemoglobin concentration < 7 ng/mL were classified as negative (0-7 ng/mL). The HM-JACK system cannot accurately differentiate hemoglobin concentrations < 7 ng/mL.

Assessment of clinical and endoscopic activity
Clinical and endoscopic disease activity were evaluated using the Mayo scoring system for UC[18]. Endoscopic remission and mucosal healing were defined bya Mayo endoscopic score (MES) of ‘0’ or ‘1’[3]. Clinical remission was defined by a Mayo stool frequency subscore of ‘0’ or ‘1’ and a Mayo rectal bleeding subscore of ‘0’[3]. Patients with any other Mayo scores were considered to be active disease state. The extent of UC was based on the Montreal Classiﬁcation, with patients classified as having either: proctitis (E1), left sided colitis (E2) or extensive colitis (E3)[15]. 

Statistical analysis
Statistical calculations were performed using SPSS version 21.0 for Windows (SPSS Inc., Chicago, IL, USA). Spearman’s and Kendall’s tau rank correlation were performed to determine the association among FIT, MES, the extent of disease and clinical remission. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), with associated 95% confidence intervals (95%CI), for detecting mucosal status based on FIT results, were determined. Statistical significance was set at a P value of 0.05.

RESULTS
Patients characteristics
A total of 82 FITs were evaluated for 63 patients with UC, 60 males and 22 females, with a median age of 47.9 years. Baseline characteristics of our patient group are shown in Table 1. Mean disease duration was 33.5 mo (range, 0-217 mo). All patients were treated with suppository or oral 5-ASA, with 46 patients (56.1%) treated with additional therapy: 17 patients (20.7%) with systemic steroids; 23 patients (28%) with azathioprine; and 6 patients (7.3%) with anti TNF-alpha therapy. During the study period, 3 patients were hospitalized for severe UC. No patient underwent surgery for UC-related complications and no patient died.

Correlation between FIT and endoscopic finding
Colonoscopy was performed in all patients during the study period. Among the 82 colonoscopy, 38 (46.3%) were performed in patients in clinical remission and the other 44 (53.7%) in patients with clinical active disease. The distribution of MES based on colonoscopic findings was as follows: MES of ‘0’ in 21 patients (25.6%); MES of ‘1’ in 39 (47.6%); MES of ‘2’ in 15 (18.3%) patients; and MES of ‘3’ in 7 (8.5%). All of patients with MES of ‘0’ had negative FIT (< 7 ng/mL). Patients with MES of ‘2’ or ‘3’ had a mean fecal hemoglobin concentration of 134.89 ng/mL (range, negative to > 1000 ng/mL). Among patients with MES of ‘2’ or ‘3’, 18.2% (4 of 22 patients) had a negative FIT (Table 2).
The distribution of MES for the 47 negative FIT cases was as follows: MES of ‘0’ in 21 patients (44.7%); MES of ‘1’ in 22 (46.8%) patients; MES of‘2’ in 3 (6.4%) patients; and MES of‘3’ in 1 patient (2.1%). Therefore, a negative FIT identifies mucosa healing, assessed by endoscopy (MES of ‘0’ or ‘1’), with a probability of 92%. For the 35 patients with a positive FIT, the distribution of MES was as follows: MES of ‘0’ in 0 patient; MES of ‘1’ in 17 patients (48.6%); MES of ‘2’in 12 patients (34.3%); and MES of ‘3’ in 6 patients (17.1%). Among the three patients with FIT >1000 ng/ml, 2 patients had a MES of ‘2’, with the other patient having a MES of ‘3’ (Table 3).
When we consider only the 60 cases in whom endoscopy identified mucosal healing, FIT was negative in 44 of these 60 cases (73.33%). The sensitivity, specificity, PPV, NPV and accuracy of the fecal hemoglobin concentration in relation to mucosal healing are reported in Table 4 and summarized as follows: sensitivity, 73.33%; specificity, 81.82%; PPV, 91.49%; NPV, 51.43%; and accuracy, 73.17%. The change in these predictive values of FIT using a cutoff value of fecal hemoglobin concentration>100 ng/ml, which is popularly used for colon cancer screening, is reported in Table 5. The predictive value of FIT specifically in patients with an active disease status, identified by endoscopy, is summarized as follows: sensitivity, 45.45%; specificity, 93.33%; PPV, 71.43%; NPV, 82.35%; and accuracy, 26.83%.
As a result, FIT was positively correlated with endoscopic activity, with a Spearman’s rho correlation coefficient of 0.626 and corresponding P value <0 .01. The correlation between the FIT and findings of disease activity on endoscopy are shown in Figure 2.

Correlation between FIT and the extent of disease
Eighty two cases of colonoscopy were classified according to the extent of disease, where the extent of UC was defined using the Montreal Classiﬁcation. The distribution of cases was as follows: 20 patients (24.4%) were classified in the E1 category; 30 patients (36.6%) in the E2 category; and 32 patients (39.0%) in the E3 category. Among the 47 patients with a negative FIT, the extent of disease was classified as E1 in 12 patients (25.6%), as E2 in 16 patients (34.0%), and as E3 in 19 patients (40.4%). Among the 35 patients with a positive FIT, the extent of disease was classified as E1 in 8 patients (22.9%), as E2 in 14 patients (40.0%), and as E3 in 13 patients (37.1%). As a result, FIT did not correlated with the extent of disease (r = -0.047, P = 0.676).

Correlation between FIT and clinical activity
[bookmark: _GoBack]Among the 82 colonoscopies performed, 38 (46.3%)were performed in patients with clinical remission, with the other 44 (53.7%) were performed in patients with clinical active disease. Among patients in clinical remission, FIT was negative in 31 (81.6%) of 38 cases, with a mean fecal hemoglobin concentration of 6.12 ng/mL (range, negative to 80.9 ng/mL) for this group of patients. Among patients in clinical active disease, FIT was negative in 16 (36.4%) out of 44 cases, with a mean fecal hemoglobin concentration > 167.4 ng/mL (range, negative to > 1000 ng/mL) for this group of patients. The probability of a negative FIT and mean FIT values according to clinical status of UC are reported in Table 6, with MES according to clinical status reported in Table 7. Overall, FIT positively correlated with clinical activity (r = 0.496, P < 0.01).

Correlation between FIT and conventional inflammatory markers
Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were measured in all patients. In FIT negative group (n = 47), ESR was normal range (0-10 mm/h) in 15 cases (31.9%) and CRP was normal range (0 – 0.5 mg/dL) in 38 cases (80.9%). In FIT positive group (n = 35), ESR was higher than the normal ranges in 28 cases (80.0%) and CRP was higher than the normal ranges in 13 cases (37.1%). Mean ESR was 18.47 mm/hr (range, 2 – 83) in FIT negative group and 31.06 mm/hr (range, 2 – 118) in FIT positive group. Mean CRP was 0.338 mg/dL (range, 0.01–3.12) in FIT negative group and 1.286 mg/dL (range, 0.01–7.45) in FIT positive group. Statistically, FIT did not correlated with ESR (r = 0.183, P = 0.100) or CRP (r = 0.154, P = 0.167).

DISCUSSION
As the clinical course of UC is characterized by multiple phases of clinical remission and acute exacerbations, continued monitoring of disease status and treatment are required. In particular, identification of disease activity during asymptomatic periods is important inpredictingsubsequent acute exacerbation. With the accumulation of evidence on the value of the status of the mucosa in the disease process of UC, mucosal healing has been regarded as an important clinical goal to achieve in patients with UC[3,11]. Studies have in fact indicated that mucosal healing can alter the course of UC, reducing the rate of hospitalization and surgery[19]. Therefore, the evaluation of mucosal healing is an important component of the treatment and follow-up of patients with UC. Until now, colonoscopy has been regarded as the gold standard to assess mucosal status in patients with UC. However, colonoscopy is burdensome for patients and carries the possibility of exacerbating the disease status. Furthermore in one study, colonoscopy itself may worsen the disease condition in IBD patients, even in remission state[20]. Therefore, frequent colonoscopy, as required for adequate monitoring of UC status, is difficult due to cost and the inconvenienceto patients. To overcome this clinical problem, non-invasive markers of mucosal healing have been studied. Although ESR and CRP levels have been used as conventional markers of inflammation, the clinical application of these markers is limited as they reflect systemic inflammation and, therefore, are non-specific to inflammation of the mucosa. FC seems to be promising non-invasive marker of mucosal inflammation and several studies have shown its correlation to the severity of mucosal inflammation. The usefulness of FC has been proven in clinical practice, reliably identifying disease activity in patients with UC who had undergone endoscopicexamination and correlating well with the degree of mucosal inflammation[5-9]. Usually, however, FC can only be performed in tertiary institutions, takes several hours to provide results and is expensive. Moreover, it has been reported that FCresults can exhibit large variation, even between stool samples from the same patient collected on the same day[21]. 
FIT has been reported from several recent studies as another biomarker[12,13,22]. FC estimate the degree of inflammation in the bowel based on the amount of inflammatory cells, whereas FIT measures the amount of blood from the damaged bowel mucosa[22]. Our study demonstrates that fecal hemoglobin can be used as a marker of endoscopicand clinical disease activityin patients with UC, with a negative FIT accurately reflecting mucosal healing and disease remission. Therefore, FIT could provide an ‘easily available’ evaluation of mucosal healing to assess the effectiveness of therapy aimed at inducing disease remission in patients with UC. FIT would also be appropriate for repeated evaluations of mucosal healing, which is required over the course of clinical remission in patients with UC. In this regard, FIT provides the fast results and at a low financial cost, which could allow physicians to monitor patients with UC more easily and frequently.
FC requires 5-10 g of fecal material for analysis while FIT only requires the probe to be placed in a small sample of stool[6,23]. FIT is available even in smaller institutions, including general primary healthcare. As well, FIT has a unique comparative cutoff value to differentiate disease activity and status, whereas a status cutoff value for FC is currently undetermined[23]. 
The definition of mucosal healing in UC has not been clearly established. Older studies had reported the mucosal healing to MES 0 or 1[3], whereas more recent studies have reported mucosal healing to MES 0 alone[12]. In recent one study, when the mucosal healing to MES 0, FIT appears to be more sensitive than FC for predicting mucosal healing (FIT, 95% sensitivity; FC, 82% sensitivity)[22]. 
The ideal biomarker will be able to detect early relapse in asymptomatic period. Our results also provide evidence of the future possibility of using FIT to identify aggravation of the disease status among patients with a positive FIT. As an example, among our patient group, a 57-year-old male patient, diagnosed with UC 5 years prior, was being treated using azathioprine and oral 5-ASA agents. The colonoscopy and FIT were performed while this patient was classified as being in clinical remission. Although endoscopy findings were negative, with MES of ‘1’ and disease status of E1, a fecal hemoglobin concentration of 74.1 μg/dL was identified on the FIT. Threemonths later, the patient showed worsening of his clinical symptoms, including persistent bleeding. Sigmoidoscopy conducted at the time of disease exacerbation classified the mucosa as a MES of ‘3’. The patient’s symptoms improved after his doses of azathioprine and oral 5-ASA were adjusted. One previous study reported that FIT became higher prior to clinical relapse in some UC patients[17]. In order to accurately prove whether the FIT or FC can detect subclinical relapse in early, well designed studies are required.
The limitations of our study need to be acknowledged in the interpretation and application of our results. First, we conducted a retrospective, single centerstudy thatincluded a small absolute number of patients with UC. Second, although previous studies have used the OC-SENSOR neo system to measure hemoglobin concentrations < 50 ng/mL, in our study we used the HM-JACK system that can detect a negative FIT at < 7 ng/mL. With a lower discrimination threshold, a negative FIT can be a very sensitive test of disease status. Nevertheless, the correlation between the MES ‘0’ and a negative FIT was 100% in our study. Third, all patients did not enforce the same day as the fecal sampling and colonoscopy. Although the fecal sampling 1 wk before or after the colonoscopy, FIT and mucosa state may not be exact match as temporally. Forth, only a single fecal sample was obtained from each patient thus individual variation and sampling variation can arise and lead to incorrect results.
In conclusion, our results show that FIT was a reliable tool to identify the inflammation status of colonic mucosa in patients with UC, especially for identifying clinical and endoscopic remission. As FIT was positively correlated with clinical status, a negative FIT could be regarded as an indication of endoscopic and clinical remission. With a positive FIT, careful observation and follow-up is recommended. Sequential testingusing FIT could be helpful to monitor disease activity and to inform clinical decisions to modify treatment, including increasingdose of medication. Therefore, FIT can bean effective test which can assess the disease activity in patients with UC.
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Figure 1 Flow chart of the enrolled patients. UC: Ulcerative colitis; FIT: Fecal immunochemical test.
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Figure 2 Correlation between fecal immunochemical test and MES. FIT was positively correlated with endoscopic activity (Spearman’s rank correlation coefficient = 0.626, P < 0.01). MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test.












Table 1 Characteristics of enrolled cases
	Characteristics variables
	Value

	Age (yr), mean (range) ± SD
	47.9 (22-75) ± 12.5

	Male/Female, n (%)
	60/22 (73.2/26.8)

	Disease duration (mo), mean (range) ± SD
	33.5 (0-217) ± 48.3

	MES, n (%)
 0
 1
 2
3
	
21 (25.6)
39 (47.6)
15 (18.3)
7 (8.5)

	Disease extent, n (%)
 Extensive colitis
 Left sided colitis
Proctitis
	
32 (39.0)
30 (36.6)
20 (24.4)

	Fecal hemoglobin concentrations (ng/mL), n (%)
0-7, negative
 7-100
100-1000
> 1000
	
47 (57.3)
21 (25.6)
11 (13.4)
3 (3.7)

	Drug at study entry, n (%)
 Oral / Suppository 5-ASA
Systemic steroids
 Azathioprine
 anti-TNFα
	
64 (100.0)/ 18 (22.0)
17 (20.7)
23 (28.0)
6 (7.3)


MES: Mayo endoscopic subscore; 5-ASA: 5-aminosalicylic acids; TNF: Tumor necrosis factor.

Table 2 Negative fecal immunochemical test probability (%) and mean fecal immunochemical test values according to Mayo endoscopic subscore
	MES
	Negative FIT (%)
	mean FIT (ng/mL)

	0
1
2 or 3
	21/21 (100)
44/60 (73.3)
4/22 (18.2)
	0
33.94
> 134.891


[bookmark: OLE_LINK107][bookmark: OLE_LINK108]1Three cases in MES ‘2’ or ’3’ were measured more than 1000 ng/mL fecal hemoglobin concentration. MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test.




Table 3 Mayo endoscopic subscore according to fecal immunochemical test values
	
	n (%)

	Negative FIT cases (n = 47)
MES 0 or 1
MES 2 or 3
	
43 (91.5)
4 (8.5)

	Positive FIT cases (n = 35)
MES 0
MES 1
MES 2 or 3
	
0
17 (48.6)
18 (51.4)


MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test.















Table 4 Sensitivity, specificity and predictive value of fecal immunochemical test for mucosal healing (MES 0 or 1)
	
	Negative FIT (< 7 ng/mL)

	Sensitivity (95%CI)
	0.73 (0.60–0.83)

	Specificity (95%CI)
	0.81 (0.59–0.94)

	PPV (95%CI)
	0.91 (0.80–0.97)

	NPV (95%CI)
	0.52 (0.35–0.70)

	Accuracy (95%CI)
	0.73 (0.62–0.82)


MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test; PPV: Positive predictive value; NPV: Negative predictive value.



Table 5 Sensitivity, specificity and predictive value of fecal immunochemical test for endoscopic active disease (MES 2 or 3)
	
	Positive FIT(> 100 ng/mL)

	Sensitivity (95%CI)
	0.45 (0.24–0.67)

	Specificity (95%CI)
	0.93 (0.83–0.98)

	PPV (95%CI)
	0.71 (0.41–0.91)

	NPV (95%CI)
	0.82 (0.71–0.90)

	Accuracy (95%CI)
	0.26 (0.17–0.37)


MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test; PPV: Positive predictive value; NPV: Negative predictive value.












Table 6 Negative fecal immunochemical testprobability (%) and mean fecal immunochemical test values according to clinical condition
	Clinical condition
	Negative FIT (%)
	mean FIT (ng/mL)

	Remission status (n = 38)
Active status (n = 44)
	31/38 (81.6)
16/44 (36.4)
	6.12
> 167.41


1Three cases in clinical active were measured more than 1000 ng/mL fecal hemoglobin concentration. FIT: Fecal immunochemical test.




Table 7 Mayo endoscopic subscore according to clinical condition
	Clinical condition
	n (%)

	Remission status (n = 38)
MES 0 or 1
 MES 2
 MES 3
	
37 (97.4)
1 (2.6)
0

	Active status (n = 44)
MES 0 or 1
 MES 2
 MES 3
	
23 (52.3)
14 (31.8)
7 (15.9)


MES: Mayo endoscopic subscore.
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Between February 2013 and November 2014, a total of 206 UC suspected patients were evaluated.

Exclusion (n = 19)
* Presumed to infectious colitis : 3
* Presumed to non specific colitis : 7
* Inflammatory bowel disease unclassified : 5
* Indeterminate colitis : 3
* Finally diagnosed with CD : 1

A total of 187 patien

ts were finally diagnosed with UC.

Exclusion (n = 124)
* Not performed colonoscopy : 46
* Poor bowel preparation : 1
* Not performed FIT : 46
* Interval of FIT and colonoscopy > 1 week : 23
* Follow-up loss : 8

A total of 82 FIT results of 63 patients who underwent colonoscopy were included.
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