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Abstract

Background Fecal calprotectin is a reliable surrogate
marker for inflammatory activity in inflammatory bowel
disease (IBD).

Aims For the noninvasive monitoring of the activity of
colonic inflammation, we validated a symptom index
suitable for ulcerative colitis and colonic Crohn’s disease.
By combining the symptom index with a rapid semi-
quantitative calprotectin test, we constructed a new activity
index based on the highest AUCs, using histological
remission as a reference. We also evaluated the correlation
of the patient-reported influence of the IBD in the daily
life, measured by a VAS, with the inflammation activity.
Methods The disease activity of 72 patients with IBD of
the colon was determined by endoscopic activity scores
(SES-CD/UCEIS). The patients provided stool samples for
determination of calprotectin and filled in a questionnaire
about their symptoms during the last week.
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Results The results of the symptom index demonstrated a
statistically significant correlation with the rapid calpro-
tectin test, histological inflammation activity, and the VAS.
No correlations were found between the VAS and calpro-
tectin or the histological inflammation activity. The sensi-
tivity of the combination index to detect active
inflammation was slightly superior to fecal calprotectin
alone.

Conclusion The new symptom index and the combination
index are simple, noninvasive means for distinguishing
remission from active inflammation in colonic IBD. With
the VAS, we can pick up patients who need psychosocial
support because of the disease burden, even if their IBD is
in remission.
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Introduction

Inflammatory bowel diseases (IBD), ulcerative -colitis
(UC), and Crohn’s disease (CD) are chronic, idiopathic
gastrointestinal diseases with alternating relapses and
remissions. The goals of therapy in IBD are the control of
patients’ symptoms and mucosal healing. The evaluation of
the inflammatory activity and prediction of relapses are
essential for individual therapy and for empowerment
patients for disease care. Moreover, continuous inflamma-
tion negatively affects the patient’s quality of life [1].

Several clinical activity and symptom scores have been
developed to help the physicians assess the clinical activity
of IBD. Most of the activity scores used in clinical trials are
either only symptom-based or too complex and time-con-
suming for clinical use [2, 3]. In everyday practice, the
disease activity is usually determined according to the
patient’s symptoms, laboratory parameters, or simpler
clinical activity indices, such as Simple Clinical Colitis
Activity Index (SCCAI) [4] or partial Mayo score without
endoscopic subscore for UC [5] and Harvey—Bradshaw
index (HBI) for CD [6]. Most scores include a physician’s
assessment of the disease activity or the physical exami-
nation, and they cannot be completed by patients them-
selves [7].

Fecal calprotectin (FC) is the most widely used surro-
gate marker for monitoring inflammatory activity. Cal-
protectin is the main cytosolic protein of the neutrophils
and is secreted to the feces by the neutrophils migrating to
the bowel lumen through the inflamed bowel wall. The
concentration of calprotectin in stools correlates well with
"indium-labeled leukocytes [8], and FC has shown to be
an excellent marker of mucosal healing [9]. Elevated FC
predicts relapse, especially in the next 12 months, while
normal FC predicts sustained remission [10, 11]. To make
the fecal testing more feasible, several rapid FC tests have
been recently developed [12—18].

Irritable bowel syndrome (IBS)-like symptoms in IBD
patients are common. In different studies, the prevalence
has varied between 9 and 46% in UC patients, and 42 and
57% in CD patients with clinical remission, which is two to
three times higher than in the normal population [19-21].
Even with the clinical activity scores, distinguishing IBS
symptoms from active IBD can be difficult. IBD patients
with IBS have reported a lower health-related quality of
life, and more anxiety and depression than IBD patients
without IBS [19, 22]. In the study of Haapaméki, more than
a half of the IBD patients reported that their physicians
never ask about the impact of their symptoms on their daily
life [22].

Over the past years, clinical research has moved from
disease-related outcomes to patient-reported outcomes
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(PROs) as primary endpoints. A PRO is a report about a
health condition coming directly from a patient without
interpretation by anyone else [23]. A typical PRO is a
symptom questionnaire filled in by a patient.

In our previous study, we have validated a new rapid
semi-quantitative FC test (Prevent ID CalDetect, Preventis,
Immunodiagnostics AG, Bensheim, Germany) for detect-
ing the inflammatory activity of colonic IBD, by comparing
it with clinical and endoscopic indices, histology, and FC
determined with ELISA (enzyme-linked immunosorbent
assay) [24]. We demonstrated that CalDetect results cor-
related significantly with ELISA FC, and they had a close
correlation with clinical and endoscopic indices, especially
in UC. The diagnostic accuracy of CalDetect for distin-
guishing remission or mild histological inflammation from
active inflammation was comparable with that of ELISA
FC.

The aim of the present study was to construct an index,
which predicts effectively histological remission in IBD.
We validated a new simple symptom score suitable for
both UC and colonic CD, and develop a global activity
score for colonic IBD by combining the symptom index
with a rapid FC test. The secondary goal was to correlate
the patient-reported symptoms of the IBD on the daily life
and inflammatory activity.

Subjects and Methods

Patients with colonic IBD from the Helsinki University
Hospital and Children’s Hospital, University of Helsinki,
Helsinki, Finland, referred for an ileocolonoscopy from
January 2013 to September 2013, were invited to partici-
pate in the study. Exclusion criteria included the presence
of isolated disease in the rectum, upper gastrointestinal
tract, or ileum; colectomy or extensive colon resection; use
of antibiotics at the time of the colonoscopy; or the
inability to provide a fecal sample within 30 days of the
colonoscopy. The study population consisted of the same
patients as in our previous study concerning the rapid fecal
tests [24].

The clinical activity of the disease was scored by the
endoscopist performing the colonoscopy, according to the
partial Mayo score [5] for UC and the Harvey—Bradshaw
index (HBI) [25] for CD, and the endoscopic activity
according to the UCEIS (Ulcerative Colitis Endoscopic
Index for Severity) [26] for UC and the SES-CD (Simple
Endoscopic Score for Crohn’s Disease) [27] for CD. Two
gastroenterologists (M.F. and A.-M.P.) retrospectively
evaluated the findings.

The histological inflammation activity was assessed
according to the normal clinical routine by experienced
pathologists with a scale from zero to three, in which
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0 = histological remission, 1 = mild activity (lamina
propria or intraepithelial neutrophils), 2 = moderate
activity (presence of crypt abscess), and 3 = strong activ-
ity (presence of erosion or ulcer) [28].

All patients provided a single fecal sample within
30 days of the colonoscopy. The samples were analyzed in
the routine clinical laboratory with an ELISA test (PhiCal
Test, Calpro AS, Oslo, Norway) and with a semi-quanti-
tative rapid test for FC (Prevent ID CalDetect, Preventis,

Immunodiagnostics AG, Bensheim, Germany; named
CalDetect below), according to the manufacturer’s
instructions. The cutoffs of CalDetect were the

FC < 50 pg/g, 50-200 pg/g or > 200 pg/g.

At the time of colonoscopy, the patients filled in a
questionnaire about their symptoms (IBD symptom index,
IBD-SI) during the last 7 days. The clinical activity of the
disease was determined with 6 questions: general well-
being, abdominal pain, daily bowel movements, nocturnal
bowel movements, presence of blood in stools, and the
influence of the IBD on the daily life, which was assessed
by visual analog scale (VAS) (Table 2).

To make the noninvasive monitoring of the activity of
the colonic IBD even more reliable than with FC or clinical
indices alone, we developed a simple combination index
using the partial symptom index and CalDetect. The sen-
sitivity and specificity of this new IBD index in differen-
tiating remission and active disease were then compared to
the clinical and endoscopic indices and FC results. We
wanted the combination index to be simple in the clinical
practice, suitable for assessing both UC and colonic CD,
and suitable also for predicting the risk of relapse. The
relapse risk correlates better with the histological than
clinical or endoscopic inflammation activity. For that rea-
son, we chose the histological inflammation activity as the
endpoint of the new score, instead of the clinical or
endoscopic indices.

Statistics

Results are given as the number of patients (percentage),
and continuous results are given as median (range). The
Spearman’s rank correlation coefficient rho (p) was cal-
culated to assess correlations between the two variables.
The receiver operating characteristic (ROC) curves were
drawn, and area under curve (AUC) was calculated. The
logistic multivariate regression was used to find out initial
coefficients for the simple formula to detect disease
activity. Results were analyzed with IBM SPSS (version
24, IBM Corp, New York) and R-software (www.r-project.
org).

Ethical Considerations

All patients provided their written informed consent prior
to enrollment, and the Ethics Committee of the Helsinki
University Hospital, Helsinki, Finland, approved the study
protocol.

Results
Patients

Of the evaluated 132 patients, 72 fulfilled the inclusion
criteria. Of the included patients, 50 had UC and 22 had
CD. Of the 60 excluded patients, 8 had undergone exten-
sive colon resection or colectomy; 17 presented with iso-
lated ileitis or proctitis, or gastrointestinal disease other
than IBD; 13 provided no stool sample; and 22 failed to
fulfill the inclusion criteria for other reasons (e.g., incom-
plete colonoscopy, no biopsies taken or use of antibiotics at
the time of the colonoscopy). The clinical and demographic
data, FC values, and the IBD activity indices of the
included patients are given in Table 1.

Symptoms

For the analysis, we divided the total symptom index into
two parts: partial IBD symptom index without the VAS
(pIBD-SI) including the patient-reported assessment of the
IBD activity (Questions 1-5, Table 2) and the VAS (IBD-
VAS) measuring the influence of IBD on the patient’s daily
life (Question 6, Table 2). The most reported symptoms
were general well-being below normal and abdominal pain,
and the less reported symptom was nocturnal bowel
movements.

The results of the analysis of the symptom index of the
included patients are given in Table 3.

The median pIBD-SI in all patients was O points (0-9)
and demonstrated weak but statistically significant corre-
lation with both CalDetect (p = 0.249, p = 0.05) and
ELISA FC (p = 0.235, p < 0.05). The correlations of the
pIBD-SI with the histological inflammation activity and the
IBD-VAS were also statistically significant (p = 0.308 and
0.677, respectively, p < 0.05), as well as the correlation
between pIBD-SI and UCEIS (p = 0.506, p < 0.001). In
CD patients, pIBD-SI did not correlate with the endoscopic
activity. The highest sensitivity of the partial symptom
index for identifying remission or mild inflammation was
73% and the specificity 72%.

The median IBD-VAS of all patients was 3 points (1-7).
We found no significant correlations between the VAS and
CalDetect or the histological inflammation activity. The
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g:r?li)egrlapiilcl:nzlcaila,ag(é values, tot, n = 72 CD, n =22 UG, n =50
and the IBD activity indices of  Gepder male, n (%) 48 (67) 16 (72) 32 (64)
the included patients .
Age, years median (range) 36 (3-71) 36 (13-60) 36 (3-71)
Disease duration, years median (range) 8 (0-36) 11 (0-27) 7 (0-36)
Medication, n (%)
5-ASA 51 (71) 13 (59) 38 (76)
Thiopurines 55 (76) 12 (55) 28 (56)
MTX 2(3) 0 (0) 24
Steroids 9 (13) 29 7 (14)
IFX/adalimumab 16 (22) 6 (27) 10 (20)
CyA/tacro 34 15 24
ELISA FC pg/g median (range) 65 (5-2082) 82 (13-1769) 62 (5-2082)
CalDetect pg/g median 50-200 > 200 50-200
Clinical activity, median (range)
HBI - 1 (0-10) -
Partial Mayo - - 4.5 (0-9)°
Endoscopic activity, median (range)
SES-CD - 0 (0-8) -
UCEIS - - 3 (3-8)°
Histological inflammation activity, median 0 0 1
pIBD-SI, median (range) 0 (0-9) 1 (0-7) 1 (0-9)°
VAS, median (range) 3 (1-7) 2.5 (1-7) 3 (1-6)
Physician’s assessment, median (range)® 0 (0-1) 0 (0-3)

UC: Physician’s global assessment (partial Mayo), range 0-3

Only total symptom index in 2 CD patients and 1 UC patient

FC Fecal calprotectin, /BD inflammatory bowel disease, CD Crohn’s disease, UC ulcerative colitis; MTX
methotrexate, IFX infliximab, CyA cyclosporin, tacro tacrolimus, HBI Harvey—Bradshaw index, SES-CD
Simple Endoscopic Score for Crohn’s disease, UCEIS Ulcerative Colitis Endoscopic Index for Severity,
pIBD-SI partial IBD symptom index, VAS visual analog scale

iCD: General well-being (HBI), range 0-3

A significant correlation (p < 0.001) between the partial symptom score and the clinical and endoscopic

activity in UC but not CD

sensitivity of the IBD-VAS to distinguish histological
remission from active inflammation with a cutoff of 2
points was 87%, while the specificity was only 39%. In 1
UC patient and 2 CD patients, the VAS results were not
available.

We also evaluated the physician’s assessment of the
clinical activity of IBD by the partial Mayo score for UC
and HBI for CD. The median physician’s assessment was 0
points in both CD and UC patients, meaning clinical
remission. It correlated significantly with the patient-re-
ported activity of IBD (pIBD-SI) (p = 0.542, p < 0.001)
and with the IBD-VAS (p = 0.337, p < 0.05).

Clinical, Endoscopic, and Histological Inflammation
Activity

The clinical activity was measured by partial Mayo score
for UC and HBI for CD. When the cutoffs for remission

@ Springer

were partial Mayo score O points [5] and HBI < 4 points
[25], 44% of UC patients and 91% of CD patients were in
clinical remission.

The majority of patients showed low endoscopic activ-
ity, assessed by UCEIS for UC and SES-CD for CD. If the
cutoff points for remission are set at 3 points for UCEIS
[26] and 2 points for SES-CD [27, 29], 52% of UC patients
and 59% of CD patients were in endoscopic remission.

Of all included patients, 52% were in histological
remission (histological inflammation activity = 0), and
78% had histological inflammation activity 0-1, meaning
histological remission or mild inflammation.

Fecal Calprotectin
The median ELISA FC of included patients was 65 pg/g

(range 5-2082), and the median CalDetect value was
between 50 and 200 pg/g. Measured by ELISA FC, 60% of
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Table 2 IBD symptom index

(IBD-SI) questionnaire . General well-being

2. Abdominal pain

3. Daily bowel movements

4. Nocturnal bowel movements

5. Presence of blood in stools

6. Influence of the symptoms on the daily life

. Very well

. Slightly below normal

Poor

. Very poor

. None

. Mild pain

. Moderate pain

. Severe pain

. Normal

. 1-2 times more than normal

. 3-4 times more than normal

. 5 or more times more than normal
. normal

. 1-2 times more than normal

. 3-4 times more than normal

. 5 or more times more than normal
None

. Strikes of blood

. Obvious blood

. Blood alone

W RO WN =R, OWN~,OWN~O WD~ O

VAS from 1 (very little) to 7 (very much)

VAS Visual analog scale

Table 3 Results of the partial symptom index and IBD-VAS in
comparison of the FC values

pIBD-SI, median (range) IBD-VAS, median (range)

Tot CD ucC Tot CD ucC

ELISA FC, pg/g

<50 0.5(0-8) 2(0-7) 03 2(1-6) 41-7 1(-5)

50200 0(0-7) 1(0-6) 1(0-3) 41-7) 2(1-5 3(1-5)

> 200 20-9 0(0-2) 209 301-6) 3(1-5 4((1-6)
CalDetect, pg/g

<50 1(0-8) 2(0-2) 00-2) 2(1-6) 5(-6) 1(1-5)

50200 0(©-7) 1(0-7) 0(0-3) 3(1-7) 201-7) 3(1-5)

> 200 109 0(@©-2) 009 301-6) 3(-5 4(1-6)

Total number of patients = 69, CD patients n = 20, UC patients
n =49

pIBD-SI Partial IBD symptom index, FC fecal calprotectin, CD
Crohn’s disease, UC ulcerative colitis

p < 0.05 for the correlation between the pIBD-SI and ELISA FC,
CalDetect, and IBD-VAS

all patients were in remission (the routine FC cutoff value
of 100 pg/g for remission [30-32]).

Combination Index

A formula with a combination of the rapid semi-quantita-
tive fecal calprotectin test and symptom score was

constructed giving the highest AUCs (area under the curve)
using histological remission or mild inflammation (histo-
logical activity 0—1) as a reference. To construct a simple
formula, the initial coefficients were obtained from logistic
regression, and the combination with the highest AUC was
selected. The highest AUC was achieved using the fol-
lowing formula:

2.0(if pIBD-SIis 1 or 2 points) + 3.4(if pIBD-SI > 2points)
+ 1.0 (if CalDetectis 50 — 200pg/g)
+ 2.5 (if Caldetect > 200pg/g)

The median pIBD-SI-C of all patients was 2.5 points
(0-5.9 points). The AUC of the pIBD-SI-C for detecting
histological remission or mild disease (histological activity
0-1) was 0.822, compared with the AUC of 0.755 of
CalDetect alone and the AUC of 0.628 of the pIBD-SI
alone (Fig. 1). If we set the cutoff point at 2.5 points, the
sensitivity of the pIBD-SI-C to differentiate remission or
mild disease from active inflammation was 93% and the
specificity was 61%.

Discussion
In this study, we validated a new simple symptom index for

both UC and colonic CD designed for everyday practice
and to be completed by the patient, by comparing it with
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clinical indices (partial Mayo score for UC and HBI for
CD), endoscopic indices (UCEIS for UC and SES-CD for
CD), as well as FC measured by ELISA and a semi-
quantitative rapid FC test CalDetect. The index was divi-
ded into two parts: partial IBD symptom index without the
VAS (pIBD-SI) and the VAS. We also developed a new
combination index (pIBD-SI-C) by combining the partial
symptom score and CalDetect for evaluation of inflam-
matory activity of both UC and colonic CD, and we
compared the sensitivity and specificity of this combination
index in evaluating IBD activity to histological inflam-
mation activity. We also evaluated the influence of IBD on
the patient’s everyday life (IBD-VAS) correlated with the
clinical, endoscopic, and histological activity and FC, and
how the patient’s and physician’s assessments of the
influence of IBD on the patient’s daily life correlated with
each other.

We found that the results of the patient-reported
assessment of the IBD activity measured with pIBD-SI
correlated significantly with histological inflammation
activity and with FC measured by CalDetect and ELISA.
The sensitivity of pIBD-SI for detecting remission or mild
disease at a cutoff of 2 points was comparable to those of
CalDetect and ELISA FC at a cutoff of 200 pg/g, and it
was slightly superior to that of ELISA FC at a routine
cutoff of 100 pg/g (Table 4). When UC and CD patients
were analyzed separately, the correlations with clinical and
endoscopic activity and FC were stronger in UC patients.

Fig. 1 ROC curves for

The sensitivity of the pIBD-SI-C with the cutoff of 2.5
points in detecting remission was somewhat higher than
those of CalDetect and ELISA FC alone. In this study, 28%
of all patients had CalDetect less than 50 pg/g, but this
cutoff has proved to be too low for clinical practice in IBD
patients [33]. This has also been shown in our previous
study, in which the diagnostic accuracy for remission of the
CalDetect result < 50 pg/g was only 46% with the speci-
ficity of 34% [24].

If the physician’s assessment of the patient’s well-being
is based only on the clinical or laboratory parameters, it
may differ markedly from the patient’s view [34]. In the
present study, the influence of the IBD on the patient’s
everyday life IBD-VAS) correlated surprisingly well with
the physician’s view of the IBD activity, the symptom
index, and with the clinical and endoscopic indices in UC
patients. However, the correlation between the IBD-VAS
and FC results, and in CD patients’ clinical or endoscopic
indices, was not significant. The poor correlation between
the endoscopic activity and health-related quality of life in
CD patients, regardless of the disease location or behavior,
has also been seen in a recent study [1]. A significant
proportion of CD patients also have other than colonic
involvement of the disease [35]. In CD, there is a deeper
inflammation of the bowel wall, and this systemic inflam-
mation may affect the patient’s quality of life more than
mucosal inflammation in UC. According to some studies,
CD patients have more IBS symptoms than UC patients

ROC Curve

CalDetect, ELISA FC, partial 10
IBD symptom index (pIBD-SI),
combination index (pIBD-SI-
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Table 4 Comparison of the sensitivities and specificities of symptom
indices and fecal calprotectin to detect active inflammation

Variable Cutoff Sensitivity, % Specificity, %
pIBD-SI 2 points 73 72
pIBD-SI-C 2 points 93 61
VAS 2 points 87 39
ELISA FC 100 pg/g 81 68

200 pgl/g 69 75
CalDetect 200 pg/g 67 79

pIBD-SI Partial IBD symptom index, FC fecal calprotectin, p/BD-SI-
C partial IBD symptom index with CalDetect

[20], and the health-related quality of life in general is
lower in CD than in UC patients [28]. This may explain the
difference between CD and UC groups. We did not ask the
patients to specify how IBD affects their life. The VAS
cannot be validated and it is not specific for gastrointestinal
symptoms, or even organic symptoms, but can even reflect
a patient’s fear of disease flare or cancer or any psy-
chosocial problems caused by IBD.

In recent studies, new combination scores were devel-
oped by combining the results of HBI in CD patients, and
SCCAI in UC patients, and FC measured by ELISA or a
rapid home test [3, 36, 37]. Our new combination index is
feasible for both UC and CD patients with colonic disease,
and it correlated significantly with the clinical activity of
colitis. The AUC of the combination index for detecting
histological remission or mild disease was superior to
CalDetect or ELISA FC alone, but not significantly.

We are aware of the limitations of our study. Because
the FC concentration depends on the location of the
inflammation and is higher especially in rectal but also in
colonic than in ileal inflammation [2, 35], we included only
patients with colonic IBD. We recruited consecutive UC
and CD patients referred to the colonoscopy for any reason
regardless of the disease activity, and thus, a significant
number of the patients were in remission. For the same
reason, the study population comprised only 22 CD
patients, which may have skewed the results. Because the
demographic data were collected retrospectively from the
medical records and not directly from the patients, we did
not know whether the patients were using medication
affecting the FC result (e.g., non-steroidal anti-inflamma-
tory drugs). Collection of the stool samples was not per-
formed exactly at the time of the colonoscopy, mostly due
to the compliance matters, but no major changes in the
medication were done between the colonoscopy and the
stool sample collection.

The treatment and monitoring of IBD have changed
during past decades, and it is moving toward more per-
sonalized and individually tailored care, giving more

responsibility to the patient. Traditionally, the evaluation of
the inflammation activity of IBD has been based on the
endoscopy, which is invasive, time-consuming, and
unpleasant, and contains a small risk of complications.
After the introduction of commercially available FC tests,
the role of the endoscopy in detecting the relapse and
monitoring the treatment response has become less
important. If the inflammation activity could be reliably
and objectively monitored noninvasively, it could spare the
endoscopy resources. The new pIBD-SI is a rapid way to
assess the clinical activity of both UC and colonic CD. It is
reliable, and its sensitivity and specificity to distinguish
remission from active inflammation are comparable to the
rapid FC test CalDetect. In contrast to other IBD activity
scores, the patient can complete pIBD-SI him/herself. By
combining the FC test with the symptom index, patients
can monitor their disease activity at home and contact the
outpatient clinic only when needed. In our study, the
patient-reported influence of IBD on the daily life (IBD-
VAS) did not correlate significantly with the FC or histo-
logical activity of IBD. However, by this structured eval-
uation of the influence of the IBD on the patient’s life, we
can pick up those patients who need psychosocial support
because of the disease burden, even if their IBD is in
remission. Our study population comprised only patients
with colonic IBD. The feasibility of these new symptom
indices in the ileal or isolated rectal inflammation needs
further investigation.
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