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ABSTRACT

AIM: Mucosal healing is an important therapeutic goal for IBD
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treatment. This study was performed to evaluate which methods of
fecal calprotectin or fecal immunochemical test would be a good
biomarker for mucosal healing compared with colonoscopic and /or
pathological findings.

METHODS: Ulcerative colitis patients in remission, mild and
moderate activities took an examination of blood biomarkers and
colonoscopy, and their fecal specimens were tested on the day before
bowel preparation for colonoscopy.

RESULTS: Although blood markers were almost within normal
limits, fecal calprotectin and immunochemical test for occult blood
were useful biomarkers for judging mucosal healing of ulcerative
colitis. Fecal calprotectin and immunochemical test were well
correlated with the ulcerative colitis endoscopic index of severity
and sum of Mayo subscore at 5 segments of the colonorectum.
CONCLUSION: Fecal immunochemical test is useful for
estimating mucosal healing as same as fecal calprotectin and low in
cost.
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INTRODUCTION

The main treatment goal for inflammatory bowel disease (IBD) is an
induction of inactive disease states, maintenance of clinical remis-
sion and prevention of surgery and hospitalization. Mucosal healing
has become an important therapeutic goal for the treatment of IBD,
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because mucosal healing suggests the possibility to avoid admission
to hospital and surgery and to decrease the relapse of disease!!l.

Mucosal healing is identified mainly by enterocolonoscopic ex-
aminations, but enterocolonoscopic examination is an invasive and
expensive procedure and the bowel preparation is needed for it and
a burden to patients. Therefore, fecal calprotectin measurement has
been recommended to evaluate the disease activity of IBD by ECCO
and decreased the need of enterocolonoscopic examination?, Fecal
calprotectin measurement is correlated to the disease activity assessed
by colonoscopy!®, but is not necessarily consistent with colonoscopic
findings. Therefore, combing clinical activity indices with fecal cal-
protectin and serum CRP, or erythrocyte sedimentation rate are sug-
gested to have better diagnostic accuracy for intestinal inflammation
than fecal calprotectin measurement alone!*.,

Recently, fecal immunochemical test for occult blood
(hemoglobin) mainly used to detect the colonorectal cancer has been
applied to assess the mucosal healing of ulcerative colitis (UC)®. This
study was performed to evaluate which method of fecal calprotectin
or fecal immunochemical test is useful to estimate mucosal healing
assessed by colonoscopic and/or pathological examination.

MATERIALS AND METHODS

This study was performed in a prospective way and in a single
medical center under approval of ethical committee of the hospital.
Written informed consent was obtained from each patient.

Twenty-three endoscopic examinations, fecal calprotectin
measurements and fecal immunochemical tests for hemoglobin in 19
patients with UC (male 17, female 2) recruited for this study were
performed during follow-up treatment at the gastroenterological unit
of outpatient Koukann clinic and the Nipponkoukann hospital. The
diagnosis of UC was based on clinical, endoscopic, histopathologic
and / or radiological criteria. Clinical disease severity for patients of
this study was in remission, mild and moderate stages based on the
Truelove and Witts criteria excluding the severe patients showing
remarkable gross bleeding!®. Four patients had taken the second
colonoscopic examination in a year.

Blood biomarkers and mucosal activities were assessed on the
day of colonoscopy and fecal specimens were collected on the day
before bowel preparation for colonoscopy except three patients
whose feces were collected in 5 days after the colonoscopy. Each
patient was instructed how to put fecal specimens into a small
plastic container at home for the measurement of calprotection and
how to put them into a small plastic container containing a standard
volumes of hemoglobin-stabilizing buffer for blood in the feces.
Calprotection in stool samples was measured with an automated
fluoroimmunoassay (ThermoFisher scientific, Phadia calprotectin
2 kit, normal range less than 50 pg/g) and hemoglobin in the stool
with a quantitative fecal immunochemical test (OC-Hemodia Auto
111, Eiken, Japan) for hemoglobin® respectively. Fecal samples
were immediately processed and examined using OC-sensor neo
(Eiken Chemical, Ibaragi, Japan) which could accurately measure
the fecal hemoglobin concentrations from 50ng/mL to 1,000 ng/mL
(normal range less than 100 ng/mL). Blood samples were analyzed
routinely for white blood cell counts, serum hemoglobin, albumin
and C reactive proteins (CRP), erythrocyte sedimentation rate as the
conventional laboratory tests.

Total colonoscopy was performed by 3 experienced endoscopists.
All patients had been observed from the anus to the caecum.
Endoscopic mucosal activity was assessed by the Mayo endoscopic
subscore describing the degree of inflammation on a 4-point scale (0

2859

to 3) for each segment of the rectum, sigmoid, descending, transverse
and ascending colon / caccum!. Total values of Mayo endoscopic
subscore (sum Mayo subscore) were calculated for each patient (0 to
15 points). In addition, ulcerative colitis endoscopic index of severity
(UCEIS) consisting of three factors of vascular pattern, bleeding
and erosions and / or ulcers was used for assessment of endoscopic
disease activity and mucosal healing!"”’. This endoscopic assessment
of digital recording video pictures was done by three experienced
endoscopists, because assessment of endoscopic features had slight
inter-observer variation. We used the mean values for the three
endoscopists.

To evaluate the mucosal inflammation, mucosal biopsy specimens
were obtained from above-described five segments, and histological
inflammatory severity was assessed using grading (normal or mild
infiltration of small round cells without neutrophil infiltration: 0,
moderate one of small round cells with intraepithelial and mucosal
neutrophil infiltration: (1) severe one of small round cells and
neutrophils without erosions: (2) and severe one of small round cells
and neutrophils with erosions or ulcers: (3)!'!. Inflammatory severity
grading for histopathology was assessed by two pathologists blindly
for endoscopic grading.

Statistical analysis

Spearman’s rank correlation test was performed to determine the
correlation coefficients between fecal calprotectin measurement, the
fecal immunochemical test for hemoglobin, white blood cell counts,
serum hemoglobin, albumin, CRP, and erythrocyte sedimentation
rate and the averages of sum Mayo endoscopic subscore, averages of
UCESI and the histopathological severity, respectively. All P values
were considered statistically significant when < 0.05. To estimate the
diagnostic performance of calprotectin and fecal immunochemical
test for hemoglobin, receiver operating characteristic (ROC) curve
analysis was performed with various cut-off values, and the area
under the curve was calculated. An R package pROC was used for
this analysis!'?.

Sensitivity, specificity, positive predictive value and negative
predictive value with 95% confidence intervals, and accuracy for
detecting mucosal status were determined based on the data of
calprotectin and fecal immunochemical test for occult blood.

Kendall’s rank method was employed to assess the coefficients
of the concordance of reading the endoscopic pictures among three
endoscopists (from 0: no agreement to 1: complete agreement)!'?!,

RESULTS

Diseased segments of 19 patients employed for the study were 3
rectum type, 8 left-sided colon type, 7 entire colon type and one right-
sided colon type. Clinical course of all patients was remittent-relapse
type. Medical treatments were 5-aminosalicylic acid (5-ASA) alone
in six patients, 5-ASA and predonisolone in five patients, 5-ASA and
azathioprine in four patients, and 5-ASA and anti-TNFa antibody in
four patients, respectively. Disease duration was 3 to 30 years with
median of 13.7 years.

White blood cell counts, serum hemoglobin, albumin and CRP
levels, and erythrocyte sedimentation rate in the peripheral blood
of patients studied in this series were almost within normal ranges
except three cases in WBC counts, one case in serum hemoglobin
levels, one case in albumin levels, three cases in CRP levels and 3 in
ESR, respectively. Because these patients studied were in remission
stage, mild or moderate in the clinical activities.

To assess the fecal calprotectin and hemoglobin levels for the
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mucosal healing, averages of sum Mayo endoscopic subscore (sum
Mayo, SM) were divided into three groups; group A: 0 < SM <
1, group B: 1 < SM < 5 without Mayo subscore 2 and/or 3 at any
segment, and group C: more than Mayo subscore 2 at any segment.
Median (range) of fecal calprotectin and hemoglobin levels were
40.5(5-498)ug/g and 25(0-23)ng/mL in the group A, 91(21-588) ug/
g and 32(0-228)ng/mL in the group B, and 621(73-2658) ug/g and
70(0-1000)ng/mL in the groupC, respectively. Pairwise comparisons
between the groups by Tukey’s multiple comparison method, fecal
calprotectin levels were not significantly different among three
groups except between the group A and group C (p = 0.035) (Figure
1). Fecal hemoglobin levels were not significantly different between
pairs among threegroups.

Correlation between fecal calprotectin and hemoglobin levels
and averages of sum Mayo subscore, averages of UCEIS and
histopathological inflammation index were shown in figures 2 to 5.
Fecal calprotectin levels were significantly correlated with averages
of sum Mayo endoscopic subscore (Spearman’s rank correlation
coefficient: 0.488, p < 0.018) and the averages of UCEIS (Spearman’s
rank correlation coefficient: 0.627, p < 0.0014). At 0.488 and 0.627,
R-square or the cofficients of determination was 0.23 and 0.40. Fecal
calprotectin levels were not correlated with the histopathological
inflammation index (Spearman’s rank correlation coefficient: 0.392,
p = 0.087). There was no correlation between fecal calprotectin and
fecal hemoglobin levels (Spearman’s rank correlation coefficient:
0.319, p=0.137).

Fecal hemoglobin levels were significantly correlated with
averages of sum Mayo endoscopic subscore (Spearman’s rank
correlation coefficient: 0.644, p < 0.001), the averages of UCEIS
(Spearman’s rank correlation coefficient: 0.581, p < 0.004) and the
histopathological inflammation index (Spearman’s rank correlation
coefficient: 0.482, p < 0.032), respectively. When the mucosal healing
is defined as sum Mayo subscore less than 1, the area under the curve
by ROC analysis was 0.86 (95%CI: 0.71-1.0) in fecal calprotectin
and 0.85 (95%CI: 0.70- 1.0) in fecal hemoglobin. When the mucosal
healing is defined as sum Mayo subscore less than 5 without Mayo
subscore 2 and /or 3 at any segment, the area under the curve was
0.90 (95%CI: 0.77-1.0) in fecal calprotectin and 0.78 (95%CI: 0.57-
0.98) in fecal hemoglobin.

The sensitivity, specificity, positive predictive values, negative
predictive and accuracy of fecal calprotectin and fecal hemoglobin
results in relation to mucosal healing were shown in table 1. Table 1
shows diagnostic performance of calprotectin and fecal hemoglobin
with commonly used cut-off values for these tests, 263 pg/g and
50 ng/mL. When sum Mayo subscore less than 1 was defined as
the mucosal healing, area under the curve by ROC analysis was
0.86 (95%CI: 0.71-1.0) (sensitivity; 87.5, specificity: 53.3, PPV:
50.5, and NPV: 90.0) in fecal calprotectin and 0.85 (95%CI: 0.70-
1.0) (sensitivity: 100, specificity: 53.3, PPV: 53.3 and NPV: 100) in
fecal hemoglobin, respectively. When sum Mayo subscore of 1 to 5
without Mayo subscore 2 and /or 3 at any segments was defined as
the mucosal healing, area under the curve analyzed ROC analysis
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Figure 1 Correlation between fecal calprotectin and hemoglobin levels and

averages of sum Mayo endoscopic subscore. SM: sum of Mayo endoscopic
subscore.

ng/ g
3000
¢+
2500
=]
g 0
Q
2 1500
: *
L=
g * e
. RPN S = -
Ve PO

0 1 2 3 4 5

Averages of sum Mayo subscore
Figure 2 Correlation between fecal calprotectin levels and averages of sum
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Figure 3 Correlation between fecal calprotectin levels and UCEIS scores.

Table 1 Sensitivity, specificity and accuracy in levels of fecal calprotectin and hemoglobin.

Sum Mayo 0< sumM<1

Sum Mayo 0 < sum M <5 without any 2 and 3

Calprotectin < 263 |Fecal hemoglobin < 50 |Calprotectin < 263 |Fecal hemoglobin < 50
sensitivity |87.50% 100% 90.90% 90.90%
specificity |53.3 581 66.6 58.3
PPV 50.5 55k 71.4 66.6
NPV 90 100 88.8 87.5
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was 0.90 (95%CI: 0.77-1.0) (sensitivity; 90.9, specificity: 66.6, PPV:
71.4, and NPV: 88.8) in fecal calprotectin and 0.78 (95% CI: 0.57-
0.98) (sensitivity: 90.9, specificity: 58.3, PPV: 66.6 and NPV: 87.5)
in fecal hemoglobin, respectively. At cut-off values less than 263 pg/
g, the accuracy of fecalcalprotectin was 0.73 and at cut-off values
less than 50 ng/mL, the accuracy of fecal hemoglobin was 0.65.

Kendall’s coefficient of concordance K for assessment of digital
video endoscopic pictures evaluated by three endoscopists was 0.70
in the cecum and ascending colon, 0.73 in the transverse colon, 0.94
in the decending colon, 0.62 in the sigmoid colon and 0.65 in the
rectum, respectively. All of K values were more than 0.6 and p <0.01
for all the coefficient (the mean: 0.73).

DISCUSSION

Calprotectin is an antimicrobial component of neutrophils, mono-
cytes, and macrophages that is stable in feces up to 7 days at room
temperature!'. The colonic mucosa of active UC is infiltrated by
numerous neutrophils and macrophages with association of lympho-
cytes and plasma cells, sometimes eosinophils, indicating acute on
chronic inflammation. In active UC there was numerous neutrophil
infiltration in the colonic mucosa proven by measuring myeloper-
oxidase levels in the colorectal mucosa that was one of components
of neutrophils!'®!. Patients with active histological inflammation had
a significantly higher median level of fecal calprotectin than those
without active histological inflammation!'®. However, there was the
report that fecal calprotectin and Mayo endoscopic subscore were
each independent predictors of histological inflammation!'®’,

Mucosal inflammatory activities were formerly assessed by clinical
findings of bowel movements, bloody stools, body temperature, pulse
rates and abdominal pain and by blood biomarkers of serum CRP,
hemoglobin, erythrocyte sedimentation rate and albumin. Biomarkers
of serum CRP, albumin, hemoglobin, and erythrocyte sedimentation
rate were almost normal in the cases of remission, and mild stages
of ulcerative colitis. The mucosal healing has become the main
treatment goal for IBD and could be assessed only by colonoscopy.

Endoscopic disease activity graded by modified Baron index
correlated best with fecal calprotectin, followed by the clinical
Lichtiger index more than serum CRP, platelets, blood leukocytes,
and hemoglobin!'”'8, Fecal calprotectin was reported to be the
only marker that could discriminate between different grades of
endoscopic activity. In ulcerative colitis, a fecal calprotectin > 250
ng/g indicated active disease (Mayo subscore > 0) with a sensitivity
of 71.0% and a specificity of 100%". Low fecal calprotectin levels
correlated well with histological remission (Geboes score < 3.1) and
mucosal healing!"”.. In addition, fecal calprotectin measurement can
be used to identify patients with increased risk of relapse after 6 and
12 months and to predict histological healing®®”. Fecal lactoferrin,
polymorphonuclear neutrophil elastase as well as calprotectin are
noninvasive markers for the assessment of intestinal inflammation in
IBDY, Fecal calprotectin is better in sensitivity and specificity for
the assessment of colonic mucosal activity than serum CRP. Scientific
workshop of the ECCO 1I proposed that biomarkers such as CRP and
fecal calprotectin were surrogate markers for mucosal healing.

On the other hand, a quantitative fecal immunochemical test
(FIT) for measuring hemoglobin in the feces was reported to
predict mucosal healing in UCP?. FIT and fecal calprotectin results
were significantly correlated with the Mayo endoscopic subscore.
The sensitivities of FIT were similar when mucosal healing was
defined as Mayo endoscopic subscore 0 or 0 and 1. FIT appeared
to be more sensitive than fecal calprotectin for predicating Mayo
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Figure 4 Correlation between fecal hemoglobin levels and UCEIS scores.
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Figure 5 Correlation between fecal hemoglobin levels and
histopathological inflammation index.

endoscopic subscore 0 alone. Mooiweer and et al. reported that when
they measured fecal hemoglobin and calprotectin for evaluating
endoscopic inflammation, combining both tests did not increase
the predictive accuracy substantially compared with calprotectin or
hemoglobin alone!®!.

This study was done to clarify which of fecal calprotectin and /
or FIT was better marker for the mucosal healing in UC on the base
of averages of sum Mayo endoscopic subscore and UCEIS. Mayo
endoscopic subscore 0 is normal mucosa and subscore 1 is composed
of erythema, decreased vascular pattern and mild friability. Mayo
endoscopic subscore 0 and 1 are thought to be mucosal healing.
Score for mucosal healing assessed by UCEIS is now available, but
mucosal healing is thought at least to be no bleeding, no erosion and
ulcers regardless of mucosal vascular pattern. Abnormal mucosal
vascular pattern alone is contained in Mayo endoscopic subscore 1.
The area under the curve analyzed by ROC was almost similar fecal
calprotectin and hemoglobin in case of sum Mayo subscore less than
1 (p=0.81).

To assess the Youden index based on our data which defines the
maximum potential effectiveness of a biomarker, cut-off index of
fecal calprotectin levels were settled to be 88.5 nug/g (sensitivity
87%, specificity 86%) and that of fecal hemoglobin levels 16 ng/mL
(sensitivity 100%, specificity 80%) in case of sum Mayo subscore
less than 1, and 193 pg/g (sensitivity 100%, specificity 83.3%) and
33ng/mL (sensitivity 90.9%, specificity 66.6%) in case of sum Mayo
subscore less than 5 without 2 and/ or 3 at any segments, respectively.
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Geboes scores good for assessment of histological findings of
UC are composed of architectural changes, chronic inflammatory
infiltrates, lamina propria neutrophils and eosinophils, neutrophils in
epithelium, crypt destruction and erosion or ulceration®. This study
to assess the UC inflammatory severity was made much of chronic
and acute inflammatory cell infiltrates in the mucosa and erosions and
/ or ulceration, because it was thought that calprotectin was derived
from the inflammatory infiltrates in the mucosa and much through the
erosive mucosa and that fecal hemoglobin are derived from mucosal
congestion and erosions and ulcers.

Question whether the mucosal healing in UC is Mayo endoscopic
score 0 or score 0 and 1 is very important for IBD clinicians. Arai et
al reported that the recurrence rate increased gradually as it became
more endoscopically severe in patients with clinical remission
(5.0% for UCEIS = 0, 22.4% for UCEIS = 1, 27.0% for UCEIS =
2, and 35.7% for UCEIS = 3)1). Therefore, our study would need
prognostic survey of disease relapse, hospitalization and operation
rate.

Normal ranges of fecal calprotectin measurements are different
among the commercial kits!”); 17 to 128 in Schoepfer’s paper, less
than 100 in Prell’s paper, and less than 250 pg/g?®. It seems to be
difficult to determine the normal ranges among the commercial kits.
Therefore, the same commercial kids are recommended to assess the
follow-up study. The receiver operating characteristic curve (ROC)
is used to evaluate a biomarker’s ability for classifying disease status.

A limitation of this study is a small sample and its data from
single institution. A large -scale multi-center study may be necessary.
However, an advantage of this study is that digital endoscopic
pictures for each patient were assessed by three experienced
endoscopists and mucosal inflammatory severity was histologically
assessed by two experienced pathologists. Endoscopic assessment for
mucosal inflammatory grades has dispersion among endoscopists?”.
To address the inter-observer variability dispersion in the endoscopic
assessment will be needed for studies using endoscopy, for examples
judging by endoscopic Al. Fecal immunochemical test is a good
inflammatory biomarker for estimating mucosal healing in ulcerative
colitis and less expensive than fecal calprotectin. Costs of faecal
calprotectin and haemoglobin are 25 US dallors (Japanese health
insurance) and 3.7, respectively. This is a strong point.
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