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Abstract
AIM: To assess the risk of relapse in ulcerative colitis 
(UC) patients in clinical remission using mucosal status 
and fecal immunochemical test (FIT) results. 

METHODS: The clinical outcomes of 194 UC patients 
in clinical remission who underwent colonoscopy were 
based on evaluations of Mayo endoscopic subscores 
(MESs) and FIT results. 

RESULTS: Patients with an MES of 0 (n  = 94, 48%) 
showed a ten-fold lower risk of relapse than those with 
an MES of 1-3 (n  = 100, 52%) (HR = 0.10, 95%CI: 
0.05-0.19). A negative FIT result (fecal hemoglobin 
concentrations ≤ 100 ng/mL) was predictive of 
patients with an MES of 0, with a sensitivity of 0.94 and 
a specific of 0.76. Moreover, patients with a negative 
FIT score had a six-fold lower risk of clinical relapse 
than those with a positive score (HR = 0.17, 95%CI: 
0.10-0.28). Inclusion of the distinguishing parameter, 
sustaining clinical remission > 12 mo, resulted in an 
even stronger correlation between negative FIT results 
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Retrospective Cohort Study

Ulcerative colitis patients in clinical remission demonstrate 
correlations between fecal immunochemical test results, 
mucosal healing, and risk of relapse



mucosal healing as an MES of 0 or 1[2,5], whereas other 
reports consider only an MES of 0 to be healing[6]. 
Such inconsistencies complicate interpretations of the 
significance of mucosal healing in the treatment of UC 
such that differences in long-term prognosis (evaluated 
by relapse of clinical symptoms and/or colectomy) 
between clinically asymptomatic patients with an MES 
of 0 (complete mucosal healing) and those with an 
MES of 1 (partial mucosal healing) are rarely reported.

Using colonoscopy to evaluate mucosal status in 
UC patients is expensive and invasive. Previous work 
reported by our group demonstrates that a quanti-
tative fecal occult blood test (FIT) effectively reflects 
the mucosal status of patients with UC and that a 
negative FIT correlates strongly with mucosal healing[7]. 
Although we found a significantly higher positive 
correlation between negative FIT results and an MES of 
0 (> 90%) compared with an MES of 0 or 1 (< 60%), 
the likelihood of relapse in patients in remission with a 
negative FIT has not been formally evaluated. 

In this study, we retrospectively reevaluated and 
subdivided the colonoscopic findings of UC patients in 
clinical remission into subcategories of MES 0 or MES 
1. Patient prognoses (relapse of clinical symptoms and 
colectomy rate) were evaluated to determine whether 
the optimal goal of UC treatment should be either 
an MES of 0 or 1 or only an MES of 0. Correlations 
between FIT results and MES in these patients were 
also evaluated to determine whether FIT scores 
can function as a surrogate marker for meeting the 
treatment goals of UC patients in clinical remission.

MATERIALS AND METHODS
Patients
Between January 2006 and January 2014, ambulatory 
UC patients who were making periodic visits to Oka
yama University Hospital were requested to prepare 
and bring fecal samples to scheduled colonoscopy 
appointments for an evaluation of disease activity and 
surveillance. Fecal samples (prior to colonoscopy bowel 
preparation) were tested for fecal occult blood with 
an FIT, and the results were evaluated with regard 
to colonoscopic findings. All of the patients had an 
established diagnosis of UC according to endoscopic 
and histologic assessments and had received medical 
therapy. 

Clinical disease activity was scored using the Mayo 
score, which is based on the following four criteria: 
stool frequency, rectal bleeding, endoscopic findings, 
and physician global assessment (0, normal; 1, mild 
disease; 2, moderate disease; 3, severe disease)[8]. 
Clinical remission was defined as a partial Mayo 
score (Mayo score without endoscopic findings) ≤ 
2 points, with no individual subscore exceeding 1 
point[5]. Clinical relapse was defined by an increase 
or modification of concomitant medications due to a 
worsening of symptoms. Patients in clinical remission 
at the time of colonoscopy were considered eligible 
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and an MES of 0 with respect to the risk of clinical 
relapse (HR = 0.11, 95%CI: 0.04-0.23).

CONCLUSION: Negative FIT results one year or 
more after remission induction correlate with complete 
mucosal healing (MES 0) and better prognosis. 
Performing FIT one year after remission induction may 
be useful for evaluating relapse risk.

Key words: Ulcerative colitis; Clinical remission; Mucosal 
healing; Mayo endoscopic subscore; Quantitative fecal 
immunochemical test 
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Core tip: Mucosal healing has been recognized as 
the treatment goal of. In this study, the relapse 
rate differed greatly between patients with a Mayo 
endoscopic subscore (MES) of 0 and an MES of 1 such 
that mucosal healing should be defined as an MES 
of 0. We previously reported that a negative fecal 
immunochemical test (FIT) correlates positively with 
mucosal healing. This paper indicated that patients with 
a negative FIT demonstrated a lower risk of clinical 
relapse than those with a positive FIT and that the risk 
of relapse in patients in prolonged remission and with a 
negative FIT was equivalent to that of patients with an 
MES of 0.
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INTRODUCTION
Ulcerative colitis (UC) is an idiopathic chronic inflam
matory disorder that, when untreated, results in 
symptoms of diarrhea and bloody stool. Current 
studies evaluating UC treatment using colonoscopy cite 
a need to achieve not only clinical responses but also 
mucosal healing, which is associated with sustained 
clinical remission and reduced rates of hospitalization 
and surgical resection[1]. An additional study indicated 
that early mucosal healing after the administration 
of infliximab for UC correlates with improved clinical 
outcomes, including the avoidance of colectomy[2]. 
Another report showed that a lack of mucosal healing 
after initial corticosteroid therapy is associated with 
late negative outcomes[3]. 

Nevertheless, standardized criteria for evaluating 
disease severity and the degree of mucosal healing 
are not presently available[4]. Some reports define 



for this retrospective cohort study. The study protocol 
was approved by the Institutional Review Board of 
Okayama University Graduate School of Medicine, 
Dentistry and Pharmaceutical Sciences. 

Fecal sampling and instrument for FIT analysis
The details of the method used for the FIT were 
described previously[9-11]. Briefly, patients prepared 
fecal samples before bowel preparation for colonoscopy 
using an OCHemodia sampling probe (Eiken Chemical, 
Tokyo, Japan) provided by the manufacturer of the 
kit. An 8 cm × 2 cm test tubeshaped container holds 
the sampling probe. The patient inserts the probe into 
several different areas of stool and then firmly places 
it back into the tube for sealing. The probe tip with 
the fecal sample is suspended in a standard volume 
of hemoglobin-stabilizing buffer. Submitted stool 
samples were immediately processed and examined 
using OCSENSOR neo (Eiken Chemical), which can 
accurately measure fecal hemoglobin concentrations 
of 50 ng/mL to 1000 ng/mL. Fecal specimens with 
a hemoglobin concentration over 1000 ng/mL were 
measured following dilution. Because FIT results are 
inaccurate at hemoglobin concentrations below 50 
ng/mL, specimens with a hemoglobin concentration in 
this range were categorized as one (0-50 ng/mL).

Colonoscopy
On the day of the colonoscopy, patients received a 
polyethylene glycol-based or magnesium citrate-based 
electrolyte solution for bowel preparation and ingested 
it according to the manufacturer’s instructions. After 
colonic lavage, the patients underwent colonoscopy. 
Patients were excluded if the colonoscopic examination 
was incomplete due to problems with the bowel 
preparation or if the colonoscope could not be inserted 
into the cecum. At colonoscopy, the colonoscopists 
were not blinded to the clinical data. However, at data 
collection for analysis, colonoscopic images were re-
evaluated by experienced colonoscopists who did not 
know the clinical data.

The mucosal status of UC was assessed using the 
MES classification system. Evaluation was performed 
at each portion of the colorectum (cecum; ascending, 
transverse, descending and sigmoid colon; and 
rectum), and the maximum score in the colorectum 
of each patient was used for analysis. An MES of “0” 
throughout the colorectum was defined as complete 
mucosal healing, whereas a maximum MES of “1” in 
the colorectum was defined as partial mucosal healing.

Statistical analysis
Statistical analyses were performed using JMP version 
9 (SAS Institute, Cary, NC, United States). A Kaplan
Meier curve estimating the duration of sustained 
clinical remission was generated for each predefined 
patient group, and comparisons between groups 
were performed using a 2sided logrank test. The 

Cox proportional hazards regression model was used 
to calculate hazard ratios (HRs) between groups, 
quantifying the likelihood of clinical relapse using 
a 95%CI. Comparative analyses, such as a χ 2 test 
and the Mann-Whitney test, were used for cross-
sectional analysis of categorical data. Spearman rank 
correlation was performed to measure the association 
between fecal hemoglobin concentrations and MES, 
and trends between these values were evaluated using 
the CochranArmitage trend test. A receiver operating 
characteristic (ROC) curve was generated to estimate 
appropriate cutoff values for the FIT. The area under 
the curve (AUC), and sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value 
(NPV), for detecting mucosal healing based on the FIT 
results was calculated. All P-values were two-sided and 
considered significant when less than 0.05.

RESULTS
Clinical characteristics of the patients 
A total of 248 UC patients who underwent colonoscopy 
between January 2006 and January 2014 also under-
went a corresponding FIT. If a patient underwent two 
or more colonoscopies during remission, then only the 
data from the first colonoscopy were included. Among 
these patients, 194 (78%) demonstrated clinical 
remission at the time of colonoscopy and were enrolled 
in the study. 

Table 1 summarizes the clinical characteristics of 
the 194 patients (99 male and 95 female; median age 
at UC onset 32 years). At the time of colonoscopy, 
the median duration of sustaining clinical remission 
was 11 mo. Colonoscopic findings revealed that the 
maximum MES was 0 in 94 (49%) cases, 1 in 57 (29%) 
cases, 2 in 39 (20%) cases, and 3 in 7 (2%) cases. 
On the basis of our definitions, 94 and 57 patients had 
complete and partial mucosal healing, respectively. 
Among the 194 patients, 111 (57%) cases showed 
fecal hemoglobin concentrations of 100 ng/mL or lower 
and were defined as FITnegative. 

Difference in the prognosis of UC patients according to 
the MES
KaplanMeier curves comparing the maintenance 
of clinical remission among patients with an MES of 
0-3 are shown in Figure 1. There was a statistically 
significant difference in remission maintenance rates 
between each MES group (P < 0.0001, logrank test). 
The Cox proportional hazards model suggested that 
patients with an MES of 1 were more than seven times 
more likely to relapse than patients with an MES of 0 
(HR of MES 1 vs MES 0, 7.40; 95%CI: 3.7815.06). 
Conversely, MES 0 patients were approximately ten 
times less likely to relapse than MES 13 patients (HR 
= 0.10; 95%CI: 0.050.19). Furthermore, the risk of 
colectomy or the occurrence of dysplasia/cancer did 
not vary significantly between patients in different 
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clinical remission presented significantly lower fecal 
hemoglobin concentrations than MES 1-3 patients. 
The correlation between FIT results and colonoscopic 
findings among these patient subgroups is illustrated 
in Figure 2. The Spearman rank correlation coefficient 
quantifying the relationship between FIT values 
and MES subgroups was 0.6530 (P < 0.0001). The 
proportion of cases with fecal hemoglobin concen-
trations ≤ 100 ng/mL was greatest in the MES 0 
patients (88/94, 92%), and decreased gradually as 
the MES increased (MES 1: 16/57, 28%; MES 2: 6/39, 
15%). The trend of the decrease in the relationship 

MES groups (data not shown). Overall, these results 
suggest that the treatment goal for minimizing relapse 
in UC patients in clinical remission should be to achieve 
a score of MES 0, rather than MES 1. 

Comparison of clinical characteristics in MES 0 patients 
relative to MES 1-3 patients 
We have shown that achievement of complete mu-
cosal healing (MES 0) is optimal for UC patients with 
regard to the maintenance of clinical remission. We 
also compared other clinical characteristics of the 94 
patients in clinical remission with complete mucosal 
healing (MES 0) with those of 100 patients who showed 
only partial healing (MES 1) or more inflammation (MES 
2, 3) (Table 2). The former subgroup had maintained 
clinical remission for a significantly longer time at the 
time of colonoscopy (17 mo vs 9 mo, P < 0.0001) and 
was administered mercaptopurine/azathioprine more 
frequently than the latter (45 patients vs 34 patients, 
P = 0.049). The FIT results demonstrated that fecal 
hemoglobin concentrations were significantly lower 
(50 ng/mL vs 315 ng/mL, P < 0.0001) in patients with 
complete mucosal healing than in patients with partial 
healing or more inflammation. 

Applicability of FIT results for predicting complete 
mucosal healing in UC patients in clinical remission
Our data demonstrated that MES 0 patients in 
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Table 1  Incidence of clinical characteristics among participants

Total 194
Gender, n (%)
   Male   99 (51)
   Female   95 (49)
Extent of disease, n (%)
   Pancolitis 125 (64)
   Left-side colitis   48 (25)
   Proctitis   21 (11)
Median (IQR) age at onset   32 (22-43)
Median (IQR) duration of disease, months   107 (51-194)
Median (IQR) age of undergoing colonoscopy   44 (33-56)
Median (IQR) duration of sustaining clinical 
remission at the time of colonoscopy, months

11 (6-23)

Concomitant medications, n (%)
   Aminosalicylate 178 (92)
   Corticosteroids   27 (14)
   Mercaptopurine/Azathioprine   79 (41)
   Tacrolimus 10 (5)
   Biologics   9 (5)
Colonoscopy findings, n (%) (maximum index in the colorectum)
   MES 0 94 (49)
   MES 1 57 (29)
   MES 2 39 (20)
   MES 3 4 (2)
Fecal Hb concentrations (ng/mL), n (%)
   0-100 111 (57)
   101-1000   56 (29)
   1001-10000   20 (10)
   10001-   7 (4)

MES: Mayo Endoscopic subscore; Hb: Hemoglobin; IQR: Interquartile 
range.

Log-rank test, P  < 0.0001
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Figure 1  Kaplan-Meier curves depicting the rates of clinical remission 
maintenance with regard to the Mayo endoscopic subscores. There were 
statistically significant differences in the cumulative remission maintenance 
rates between patients in each Mayo endoscopic subscore (MES) subgroup (P 
< 0.0001, log-rank test). The hazard ratio for risk of relapse of patients with an 
MES of 0 relative to those with an MESs of 1-3 was 0.10 (95%CI: 0.05-0.19).

0 1 2 3
Mayo endoscopic subscore

100000

10000

1000

100

1

Fe
ca

l H
b 

co
nc

en
tr

at
io

ns
 (

ng
/m

L)

88/94
(92%)

16/57
(28%)

6/39
(15%)

2/4
(50%)

Hb concentrations 
≤ 100 ng/mL/

Total (%)

P  < 0.0001

Figure 2  Correlation between fecal immunochemical test results and the 
Mayo endoscopic subscores. There was a significant positive correlation 
between fecal hemoglobin concentrations and the MES (Spearman rank 
correlation coefficient = 0.6530, P < 0.0001). The proportion of cases with 
negative FIT results (fecal hemoglobin concentration ≤ 100 ng/mL) was 
greatest in cases with an MES of 0 (88/94, 92%). The proportion decreased 
gradually as the MES increased (MES 1: 16/57, 28%, MES 2: 6/39, 15%), and 
the trend of the decrease in relation to the MES was statistically significant (P < 
0.0001, Cochran-Armitage trend test). 
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to the MES was statistically significant (P < 0.0001, 
CochranArmitage trend test). 

Figure 3 shows the ROC curve for fecal hemoglobin 
concentrations in relation to complete mucosal healing. 
A cutoff value of 100 ng/mL was shown to effectively 
differentiate between patients with and without 
complete mucosal healing at a sensitivity of 0.94 and a 
specificity of 0.76. The PPV of applying 100 ng/mL as a 
cut-off for determining complete mucosal healing was 
0.79, whereas the NPV was 0.93. The corresponding 
AUC was 0.88.

In addition to the results relating FIT to mucosal 
healing, KaplanMeier curves showed that the cumu
lative remission maintenance rate was also signifi-
cantly different between patients with fecal hemoglobin 
concentrations ≤ 100 ng/mL and those with fecal 
hemoglobin concentrations > 100 ng/mL (P < 0.0001, 
logrank test; Figure 4). The Cox proportional hazards 
model indicated that patients with a negative FIT value 
had a sixfold lower risk of clinical relapse than those 
with a positive FIT (HR = 0.17; 95%CI: 0.100.28).

Differences between MES 0 and MES 1-3 FIT negative 
patients
In UC patients in clinical remission, negative FIT values 
correlate closely with an MES of 0, and patients in 
either clinical category demonstrate a better prognosis. 
However, as a marker for a reduced risk of UC relapse, 
a rating of MES 0 is slightly more accurate in predicting 
risk than a negative FIT value (HR = 0.10 vs 0.17). 
In a comparison between KaplanMeier curves of MES 

0 (Figure 1) and negative FIT (Figure 4), the relapse 
rate within one year after colonoscopy/FIT was slightly 
higher in patients with a negative FIT than in those 
with an MES of 0 (1 year relapse rate 9% vs 3%, and 
5 year relapse rate 22% vs 17%, respectively). In 
addition, the duration of sustaining clinical remission 
at colonoscopy/FIT was significantly longer in patients 
with an MES of 0 than in those with an MES of 1-3 
among patients with a negative FIT (16 mo vs 8 mo, 
P = 0.001). These findings suggest that patients who 
enter clinical remission are more likely to demonstrate 
a negative FIT first (cessation of colorectal bleeding), 
followed by complete mucosal healing. 

Because the MES 0 patients sustained clinical 

5083 June 7, 2016|Volume 22|Issue 21|WJG|www.wjgnet.com

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00
0.00          0.20         0.40          0.60          0.80         1.00
                                  1-specificity

Se
ns

iti
vi

ty

Fecal Hb concentrations cutoff 100 ng/mL
Sensitivity 0.94
Specificity 0.76
PPV 0.79
NPV 0.93
AUC 0.88

Figure 3  Receiver operating characteristic curve of fecal hemoglobin 
concentrations for predicting complete mucosal healing. A cutoff value of 
100 ng/mL differentiated between patients with or without complete mucosal 
healing with the following values: 0.94 sensitivity, 0.76 specificity, 0.79 PPV, 0.93 
NPV, and 0.88 accuracy. The corresponding area under the curve was 0.88.
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Figure 4  Kaplan-Meier curves depicting maintenance of clinical remission 
with regard to fecal immunochemical test results. There was a statistically 
significant difference in cumulative remission maintenance rates between the 
patients with a negative FIT result and those with a positive FIT result (P < 
0.0001, log-rank test). The hazard ratio relating the relapse risk in patients with 
a negative FIT to those with a positive FIT was 0.17 (95%CI: 0.10-0.28).
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Table 2  Characteristics of patients with MES 0 vs  MES 1-3

Characteristics MES 0 MES 1-3 P  value

(n  = 94) (n  = 100)

Gender, n (%)
    Male 54 (57) 45 (45) 0.083
    Female 40 (43) 55 (55)
Median age, yr (IQR) 46 (32-60) 41 (33-51) 0.051
Median duration of disease, 
mo (IQR)

  99 (53-198) 112 (44-191) 0.950

Median age at onset, yr (IQR) 34 (22-47) 31 (22-40) 0.130
Median duration of sustaining 
clinical remission at the time 
of colonoscopy, mo (IQR)

17 (9-33) 9 (4-13) < 0.0001

Extent of disease, n (%)
   Pancolitis 59 (63) 66 (66) 0.340
   Left-side colitis 27 (29) 21 (21)
   Proctitis 8 (8) 13 (13)
Concomitant medications, n (%)
   Aminosalicylate 86 (91) 92 (92) 0.900
   Corticosteroids 11 (12) 16 (16) 0.390
   Mercaptopurine/
   Azathioprine

45 (48) 34 (34) 0.049

   Tacrolimus 4 (4) 6 (6) 0.580
   Biologics 2 (2) 7 (7) 0.110
Fecal Hb concentrations (ng/mL) 50 (4-50) 315 (108-1277) < 0.0001

MES: Mayo endoscopic subscore; Hb: Hemoglobin; IQR: Interquartile 
range.



remission for a longer time than the MES 1-3 patients, 
we performed multivariate analysis and found that 
clinical remission > 12 mo was a significant factor for 
predicting an MES of 0 among our 194 subjects (OR 
= 8.47; 95%CI: 3.3324.03). Thus, we used Kaplan
Meier curves to illustrate the relationship between the 
patients who fulfilled both classifiers - negative FIT 
and clinical remission > 12 mo - and all others (Figure 
5). The Cox proportional hazards model indicated that 
patients with both a negative FIT and clinical remission 
> 12 mo have a ninefold lower risk of relapse than all 
other patients (HR = 0.11, 95%CI: 0.040.23). The 
oneyear and fiveyear relapse rates for this group (FIT 
negative, remission > 12 mo) were similar to those 
of patients with MES 0 (4% and 15%, respectively). 
Taken together, these findings suggest that a negative 
FIT in patients who have sustained clinical remission 
for at least one year is a good indicator of complete 
mucosal healing and a predictor of low relapse risk.

Figure 6 indicated the proposed workflow of the 
followup of UC patients using FIT. During remission 
induction therapy, we recommend to measure FIT 
about once 24 wk, comparing those results to the 
baseline FIT result. When FIT results decrease, we 
make therapy maintained or weakened. On the other 
hand, when FIT results do not decrease or increase, 
therapy should be considered to intensify. After re-
mission induction, we recommend to measure FIT 
every visit. Since patients with both negative FIT and 
clinical remission > 12 mo are highly probable to have 
achieved mucosal healing with low risk of relapse, 
these patients could be followed with longer intervals. 
Otherwise, patients are considered to have residual 
inflammation with considerable risk of relapse, they 
need to be followed up closely. 

DISCUSSION
In this study, our goal was to distinguish which MES 
scores represent optimal mucosal healing - an MES 
of 0 alone or an MES of 0 or 1. In addition, because 
we previously reported that FIT can function as a 
predictor of mucosal status in UC patients, we further 
discriminated the predictability of the FIT as a measure 
of mucosal status and of the prognosis of patients 
with clinical remission. In retrospective analyses of the 
differences in long-term clinical outcomes between 
patients with an MES of 0 and those with an MES 1, 
we found that negative FIT results were significantly 
more likely in patients with complete mucosal healing 
(MES 0) than in patients with partial mucosal healing 
(MES 1). Our findings showed that patients with an 
MES of 0 alone were much less likely to relapse and 
that negative FIT results showed a stronger positive 
correlation with an MES of 0 alone than with an MES 
of 0 or 1, as well as with a reduced risk of relapse. 
Moreover, analyses including the parameter “sustaining 
clinical remission > 12 mo” revealed a more robust 
correlation between negative FIT results and complete 
mucosal healing with regard to the minimum risk of 
relapse.

Standardized criteria for evaluating the severity of 
ulcerative colitis and for defining mucosal healing in 
patients with UC have yet to be established[4]. Many 
prior clinical studies have defined mucosal healing as 
maintaining an MES of 0 or 1[2,5], and there are few 
long-term studies distinguishing the ability of an MES 
of 0 or an MES of 1 to contribute to the maintenance 
of clinical remission in UC patients. Detailed analysis 
of findings from the Active Ulcerative Colitis Trials 
(ACT1, 2)[2] showed that the clinical remission rate at 
54 wk from the time of colonoscopy (performed after 
induction of remission at week 8) was 73% in MES 0 
patients and 47% in MES 1 patients; more than half 
of the MES 1 patients relapsed. In addition, other 
groups including our group, reported that patients in 
clinical remission with an MES of 0 were less likely 
to relapse than those with an MES of 1 or more, 
using a retrospective cohort[12,13]. In contrast, in a 
study evaluating the effectiveness of mesalazine for 
maintaining UC remission, Meucci et al[6] reported no 
significant difference between the rates of relapse at 
one year in MES 0 vs MES 1 patients.

Negative FIT results among the subjects in clinical 
remission also correlated closely with an MES of 0, 
and the patients in clinical remission who showed a 
negative FIT result were less likely to relapse than 
those with a positive FIT. These results suggest that 
a negative FIT result may function as a surrogate 
marker for complete mucosal healing and should be 
the treatment goal for UC patients in remission. 

Nevertheless, our data do not show a complete 
overlap between the clinical behavior of patients with 
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Figure 5  Kaplan-Meier curves depicting the maintenance of clinical 
remission in patients with both a negative fecal immunochemical test 
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statistically significant difference in the cumulative remission maintenance rates 
between patients with both a negative FIT and clinical remission > 12 mo (n = 
66) and all other patients (n = 128) (P < 0.0001, log-rank test). The hazard ratio 
relating relapse risk in patients with both a negative FIT and clinical remission > 
12 mo to relapse risk in all other patients was 0.11 (95%CI: 0.04-0.23).
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negative FIT results and that of MES 0 patients as 
the former are more likely to relapse within one year 
after colonoscopy/FIT than the latter. In addition, 
MES 0 patients with a negative FIT at colonoscopy/
FIT maintained clinical remission significantly longer 
than MES 1-3 patients. These results suggest that 
UC patients who enter clinical remission achieve a 
negative FIT first, followed by an MES of 0 (complete 
healing). The relapse rate among patients with a 
negative FIT who sustained clinical remission for one 
year or more was the same as the rate among MES 0 
patients.

On the basis of our findings, we recommend that 
UC patients undergo an FIT one year after induction 
of clinical remission. If the FIT result is negative, then 
colonoscopy can be safely skipped, and the optimal 
treatment goal of complete mucosal healing should 
be considered met. If the FIT result is positive, then 
physicians should consider performing a colonoscopy 
or intensifying treatment. Thus, the FIT (an easy, 
non-invasive and low-cost test) may function advan-
tageously as a substitute for endoscopy to measure 
mucosal status and risk of relapse in UC patients one 
year after remission.

There is accumulating evidence that fecal calpro-
tectin, a major protein found in the cytosol of inflam
matory cells, is an effective pioneer and is useful for 
assessing intestinal inflammation[14-16]. Several studies 

have reported that fecal calprotectin values can 
predict relapse in UC patients in clinical remission[17-21]. 
Although these reports indicated that patients with 
higher fecal calprotectin levels were more likely 
to relapse within several to 12 mo, no correlation 
between fecal calprotectin and mucosal status was 
identified because endoscopic examinations were not 
included in the studies.

Other reports, which indicate that fecal calprotectin 
levels can predict endoscopic mucosal healing[22-24], did 
not investigate risk of relapse. Thus, clear evidence 
defining the relationship between fecal markers, 
mucosal status and risk of relapse is lacking. In 
contrast, our analyses of FIT results as a marker for 
complete mucosal healing include all 3 variables: 
Negative FIT results one year or more after UC 
remission correlated with complete mucosal healing 
and also with a minimum risk of relapse. Because fecal 
calprotectin has recently been reported to also correlate 
with the presence of histological inflammation[25], 
testing the correlation between negative FIT results 
and histological remission is one of our future aims.

Reports comparing fecal hemoglobin and calpro-
tectin levels directly as predictors of mucosal status 
are scarce. Mooiweer et al[26] demonstrated that 
both markers are similarly effective in identifying 
inflammatory bowel disease (IBD) patients with 
active endoscopic inflammation. However, to the best 
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of our knowledge, no reports have compared the 
predictability of mucosal healing and/or risk of relapse 
between the two fecal markers. To further understand 
the roles of these markers in the clinical management 
of IBD, we aim to conduct such comparative studies in 
the future. 

The FIT has particular advantages over fecal 
calprotectin testing: Fetal calprotectin is measured 
using an enzymelinked immunosorbent assay (ELISA), 
which is time-consuming and requires specialized 
techniques, whereas the FIT can be easily measured 
automatically in a few minutes. In addition, there 
is significant inter- and intra-assay variability in 
measures of fecal calprotectin levels using different 
ELISA diagnostic kits [such as PhiCal Calprotectin 
ELISA (RBiopharm, Darmstadt, Germany), Calprest 
(Eurospital, Trieste, Italy), and Calprotectin ELISA 
(Bühlmann, Basel, Switzerland)]. The lack of an 
established assay kit and an optimal cutoff value for 
detecting mucosal healing/inflammation in UC patients 
is another major limitation of fecal calprotectin[14-16]. 
In this regard, the FIT used in this study is the most 
widely used system worldwide (OCSensor neo), and 
it maintains a consistent standard cutoff (100 ng/mL) 
for CRC screening that can also be applied as a robust 
evaluator of mucosal healing in UC patients. 

A retrospective design and single-hospital dataset 
analyses are limitations of this study. However, we 
argue that the observational nature of the study, which 
did not require interventions in clinical practice, should 
limit bias in the results. Despite its limitations, our 
study revealed that the clinical prognosis of UC patients 
in remission differs between patients with complete 
endoscopic remission (MES 0) and those without (MES 
1-3). We also demonstrate that in patients who are one 
year or more removed from UC remission induction, 
there is a strong positive correlation between negative 
FIT results, an MES of 0 and better prognosis. We 
suggest performing the noninvasive FIT in UC patients 
in prolonged remission (in place of endoscopy) to 
simplify the assessment of healing and meeting of 
treatment goals. These findings may greatly improve 
clinical practice in the evaluation of UC patients, 
particularly those in clinical remission.
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