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Abstract
BACKGROUND
Asymptomatic children with Crohn’s disease (CD) require ongoing monitoring to
ensure early recognition of a disease exacerbation.

AIM
In a cohort of pediatric CD patients, we aimed to assess the utility of serial fecal
calprotectin measurements to detect intestinal inflammatory activity and predict
disease relapse.

METHODS
In this prospective longitudinal cohort study, children with CD on infliximab
therapy in clinical remission were included. Fecal calprotectin levels were
assessed at baseline and at subsequent 2-5 visits. Clinical and biochemical disease
activity were assessed using the Pediatric Crohn’s Disease Activity Index, C-
reactive protein and erythrocyte sedimentation rate at baseline and at visits over
the following 18 mo.

RESULTS
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53 children were included and eighteen patients (34%) had a clinical disease
relapse during the study. Baseline fecal calprotectin levels were higher in patients
that developed symptomatic relapse [median (interquartile range), relapse 723
μg/g (283-1758) vs 244 μg/g (61-627), P = 0.02]. Fecal calprotectin levels > 250
μg/g demonstrated good predictive accuracy of a clinical flare within 3 mo (area
under the receiver operator curve was 0.86, 95% confidence limits 0.781 to 0.937).

CONCLUSION
Routine fecal calprotectin testing in children with CD in clinical remission is
useful to predict relapse. Levels > 250 μg/g are a good predictor of relapse in the
following 3 mo. This information is important to guide monitoring standards
used in this population.

Key words: Fecal calprotectin; Disease relapse; Biomarker; Crohn’s disease; Children

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: It has becoming increasingly evident that many children with Crohn’s disease
(CD) who are in clinical remission continue to have ongoing active intestinal
inflammation. This prospective paediatric study demonstrates the utility of fecal
calprotectin monitoring in asymptomatic children with CD. In this study, a significant
number of children were found to have elevated levels despite clinical remission, and
levels of > 250 μg/g were found to be a good predictor of clinical relapse in the
subsequent 3 mo.

Citation: Foster AJ, Smyth M, Lakhani A, Jung B, Brant RF, Jacobson K. Consecutive fecal
calprotectin measurements for predicting relapse in pediatric Crohn’s disease patients. World
J Gastroenterol 2019; 25(10): 1266-1277
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1266.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1266

INTRODUCTION
Crohn’s disease (CD) is a type of inflammatory bowel disease (IBD) with clinical
course characterized by periods of disease remission and exacerbation. In children,
worsening disease activity can be complicated by poor growth and development,
hospitalizations,  surgeries,  and  school  absences.  In  addition,  quality  of  life  is
correlated with disease activity, further supporting the importance of maintaining
disease remission[1].  IBD patients have regular follow-up appointments with their
gastroenterologist to closely monitor the inflammatory state of the disease with the
aim of implementing timely adjustments to medical therapy to prevent worsening of
disease activity and development of complicated disease.  Unfortunately,  clinical
symptoms  typically  lag  behind  the  early  intestinal  inflammatory  changes.
Consequently treatment changes are often initiated only after deterioration in clinical
status has occurred reinforcing the need for closer monitoring and better evaluation of
intestinal inflammatory activity.

Clinicians  utilize  different  tests  to  monitor  inflammatory  burden and predict
relapse  in  children  with  IBD.  The  most  accurate  methods  include  endoscopic
evaluation, capsule endoscopy and magnetic resonance enterography; though, these
options  are  invasive,  costly,  time  consuming  and  can  have  associated
complications[2-4]. Alternatively, less expensive and less invasive serum biomarkers
such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) are also
used to monitor inflammatory activity[5]. However, up to one third of children with
IBD were found to have normal ESR and CRP levels at diagnosis despite endoscopic
evidence of active inflammation, thus demonstrating the lack of sensitivity of these
markers to reliably detect active intestinal inflammation[5].

More  recently  research  efforts  have  been  directed  towards  the  use  of  fecal
calprotectin (FC), a stool test that is non-invasive, sensitive and less expensive than
imaging or endoscopic procedures[6,7].  Calprotectin is a calcium and zinc binding
cytosolic protein found in neutrophilic granulocytes released upon their activation[8].
This  protein  is  stable  in  feces,  and  can  be  measured  as  a  marker  of  intestinal
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inflammation[9]. Indeed, FC levels have been reported to correlate with endoscopic
evidence of mucosal healing a clinical measure that has been associated with a lower
two-year probability for a clinical disease flare[9,10]. In particular, FC levels < 250 μg/g
have  been  found to  be  a  reliable  marker  of  endoscopic  mucosal  healing  in  IBD
patients[11].

While FC has been studied extensively in disease diagnosis, responses to therapy
and post-operative monitoring[12-16], there is a paucity of robust data evaluating the
predictive role of FC for disease relapse in pediatric IBD patients in clinical disease
remission. Studies in adults have shown that FC is an accurate marker of intestinal
inflammation and provides a useful tool for predicting disease relapse in IBD patients
in clinical remission[7,17,18]. Most recently, a prospective study in adults evaluated the
accuracy of routine FC measurements to predict flares in IBD patients on maintenance
infliximab therapy, showing that FC was a good predictor of relapse and remission
over the subsequent 4 mo[19]. However, knowledge in pediatric patients is limited, as
prior studies lack long-term, prospective data using validated instruments to define
remission[20-23].  The  aim  of  this  study  was  to  evaluate  the  accuracy  of  serial  FC
measurements to predict clinical flares in pediatric CD patients on maintenance anti-
tumor necrosis factor (anti-TNF) therapy and in clinical remission.

MATERIALS AND METHODS

Study design and methodology
In this blinded prospective longitudinal cohort study, pediatric patients with CD
receiving infliximab, and in clinical remission were consecutively recruited from BC
Children’s  Hospital  Division of  Gastroenterology,  Hepatology and Nutrition  in
Vancouver,  British Columbia,  Canada between June 2013 and May 2015.  Ethical
approval was obtained from the University of British Columbia Clinical Research
Ethics Board and the British Columbia Children’s and Women’s Research Review
Committee. Written informed consent was obtained prior to inclusion in the study.

Study population
Children ages 6-18 years old with an established diagnosis of moderate to severe CD
based on the revised Porto criteria were included[24]. Disease was characterized using
the Paris classification based on age at diagnosis, disease location and behaviour[25].
All participants were on maintenance infliximab infusions (i.e., > 14 wk from initiation
of  therapy)  at  dosing intervals  between 4  and 8  wk,  and in clinical  remission at
commencement of the study as defined by a Pediatric CD Activity Index (PCDAI)
score of < 10[26]. Potential subjects were excluded if they had at any time during the
study  known  infectious  enteritis  or  colitis,  regular  use  of  non-steroidal  anti-
inflammatory drugs (> 2 tablets/wk), or a diagnosis of celiac disease. All subjects
were required to have a minimum of 3 stool samples and on infliximab throughout
the study period.

Sample  size  was  determined  pragmatically  based  on  the  number  of  patients
available at our center and fulfilling inclusion criteria. Review of our clinical IBD
database showed 73 patients with CD receiving infliximab infusions. Based on our
departmental data over the preceding 4 years, we estimated an additional 10-12 new
patients per year eligible for the study. With 70%-80% enrolment, we estimated a
potential sample size of 58 to 66 patients. All consecutive cases during the study
period fulfilling inclusion criteria were invited to participate.

Fecal calprotectin
At  enrolment  patients  provided  a  baseline  stool  sample,  for  baseline  FC  level,
followed  by  collections  at  subsequent  2-5  infliximab  infusion  visits  (Figure  1).
Treating  physicians,  patients  and  families  were  blinded  to  FC  results  and  no
management decisions during the study were based on FC results. Stool samples were
stored at 4 °C and processed within 7 d of collection to ensure stability of FC; 100 mg
of  stool  was  extracted  using  the  Buhlmann  Smart  Prep  kit  following  vendor’s
instructions,  and frozen at  -  80°C until  the day of  the assay.  Manual  ELISA was
performed within 4 mo of sample extraction using the Buhlmann fCAL® ELISA kit
(Buhlmann EK-CAL, rev 2012-11-20) following vendor’s instructions for the lower
range procedure (working 10-600 μg/g). Samples with levels > 600 μg/g were diluted
according  to  vendor  protocol  and  re-assayed.  A  FC  level  <  50  μg/g  stool  was
considered to be within the normal range. Imprecision studies and comparability of
patient results with other laboratories using the same assay were performed as part of
the method validation (See Supplementary data, Supplemental Figures 1 and 2).

In addition, stool samples from 25 healthy children between ages 6 to 18 years with
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Figure 1

Figure 1  Study design. Patients were clinically evaluated at study entry and then every 4-8 wk at infusion visits.
Blood tests for CRP, ESR and albumin were performed at each infusion visit. FC levels were measured every 4-8 wk
for the first 3-6 visits. FC: Fecal calprotectin; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein.

no inflammatory conditions were tested.  These subjects  were recruited from the
general population and were screened for gastrointestinal symptoms and diseases,
associated inflammatory conditions, and nonsteroidal anti-inflammatory drugs use.

Clinical activity indices and additional data collection
The treating physician evaluated clinical disease activity at study enrolment and each
subsequent visit (4-8 weekly) using a PCDAI score (Figure 1). Standard laboratory
investigations  including  a  complete  blood  count,  CRP,  ESR  and  albumin  were
measured at each infusion visit and available to the physician. Appropriate results
were used to calculate the PCDAI including hematocrit, ESR, albumin, height, weight
and disease symptoms. Patients were followed for 18 mo to provide long-term data
on routine clinical evaluation and to monitor for clinical disease relapse. The primary
endpoint was symptomatic disease relapse defined as a PCDAI score of ≥ 10 with a
change of at least 10 points from the prior visit.

Patient characteristics included age, sex, age of diagnosis, disease location and
behaviour, other medications (both IBD and non-IBD related), IBD-related surgeries,
time from diagnosis to infliximab start, and infliximab infusion dosing and interval
were collected. Any medication changes including the addition of new medications or
changes in the infliximab infusions (dosing or time interval) were recorded.

Statistical analysis
Continuous variables following a skewed distribution are presented using median
values and interquartile range (IQR) and Wilcoxon signed-rank test  was used to
compare  differences  between patients  that  relapsed and those  that  remained in
clinical remission. Categorical data are presented as percentages. Time-to-event data
are presented using Kaplan-Meier survival curves for FC, ESR, CRP and albumin
levels. One predictor logistic regression and receiver operating characteristic (ROC)
curve analyses for FC, ESR, CRP and albumin were used to evaluate the cumulative
incidence of flares in a 2-wk time window around (before or after) 3 and 6 mo after
the FC and a 4-wk window around 12 mo after the FC. Specificity, sensitivity and
optimal threshold values of FC were determined from ROC curve analysis. The area
under the curve (AUC) of the ROC was used to determine accuracy of FC, which was
defined as poor (0.6-0.7), fair (0.7-0.8), good (0.8-0.9) and excellent (0.9-1.0)[27].

Variance components analysis and Bland-Altman plots were used to evaluate the
correlation between FC levels completed at our laboratory, the comparison laboratory,
and the Buhlmann Diagnostics comparison samples. A significance level of P < 0.05
was used in our analysis. Statistical analysis was performed using R (version 3.3.3)[28]

and cp-R Clinical Chemistry Software V 0[29].

RESULTS
Of the  25  healthy  children  evaluated,  17  had  FC levels  <  25  μg/g,  7  had  levels
between 50  μg/g and 200 μg/g,  and 1  had a  level  >  200 μg/g.  Additional  stool
samples were evaluated from 3 subjects with FC levels > 50 μg/g. The subject with
the highest level (247.9 μg/g) had a normal repeat FC (12.4 μg/g) and the other 2
subjects had levels of 47.6 μg/g (original 114.1 μg/g) and 88.5 μg/g (90.1 μg/g). The
median (IQR) of the group of health controls (following normalization of FC levels in
the two individuals) was 35 µg/g (IQR 20-50 μg/g).

Subject characteristics

WJG https://www.wjgnet.com March 14, 2019 Volume 25 Issue 10

Foster AJ et al. Fecal calprotectin monitoring for predicting relapse

1269



Sixty-two patients were prospectively enrolled. Three subjects withdrew because of
difficulty completing stool samples, 3 were transferred to adult care, 1 had a change in
diagnosis to ulcerative colitis, and 2 patients stopped infliximab treatment during the
study. Consequently, 53 children were analyzed. Thirty-six patients (68%) were male
and the median follow-up time was 1.5  years.  A total  of  205 stool  samples were
collected during the study with a mean of 4 stool samples per patient. In addition to
infliximab,  46  (87%)  of  patients  received  co-immunosuppressive  therapy,  with
azathioprine  prescribed  most  commonly  (51%  of  patients).  Patients’  clinical
characteristics are shown in Table 1.

Inflammatory markers at enrolment and subsequent relapse
At enrolment  when all  patients  were  in  clinical  remission (PCDAI <  10),  serum
inflammatory  markers  and  FC  were  initially  evaluated  (baseline  data).  The
cumulative number of patients with symptomatic relapse was 18 (34%), and the mean
time from enrolment to clinical flare was 7.1 mo (range, 1.5-15 mo). Baseline FC level
in the group with symptomatic relapse was higher than those remaining in clinical
remission [median 723 μg/g (IQR 283-1758)  vs  244 μg/g (IQR 61-627),  P  =  0.02]
(Figure 2). The median FC level at the visit prior to relapse was 765 μg/g (IQR 504-
1800). Four outliers in the non-relapsing group had elevated FC at enrolment; 1 was 6
mo post diagnosis and FC levels gradually decreased to the normal range with no
intervention,  2  had  a  decrease  in  FC  levels  after  antibiotic  administration  for
concurrent infections (urinary tract infection, pharyngitis) but FC levels remained
elevated (> 400 μg/g) and the final outlier had a persistent FC levels > 1800 μg/g at
study completion but remained in clinical remission. Both ESR and CRP levels were
elevated in this individual triggering infliximab dose escalation; however this did not
impact the FC level.

To further assess risk of clinical disease relapse in relationship to baseline FC levels,
time to clinical relapse curves were calculated for the first year of the study using
baselines FC levels < or ≥ 250 μg/g. Significant differences in relapse rates were noted
in patients with FC < 250 μg/g compared to those with levels ≥ 250 μg/g (Figure 3A,
P = 0.004). Significant differences were also noted for baseline CRP levels ≤ 5 and > 5
mg/L (Figure 3C, P = 0.015) and albumin < 35 and ≥ 35 g/L (Figure 3D, P = 0.008).
However, baseline ESR levels < 20 and ≥ 20 mm/h were not significantly different in
predicting clinical relapse over time (Figure 3B, P = 0.141).

Serial fecal calprotectin to predict relapse (longitudinal analysis)
Repeated measures analysis was used to determine if FC, ESR, CRP and albumin at an
individual visit were predictive of a clinical disease relapse at subsequent visits. Visits
with clinical relapse carried over from a previous visit were excluded. FC had good
accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC
value of 0.86 [95% confidence interval (CI) 0.781 to 0.937], (Figure 4A). In contrast, the
ROC values for ESR, CRP and albumin were lower at 0.651 (95% CI 0.481-0.821),
0.697(95%CI 0.527-0.866) and 0.773 (95%CI 0.662-0.883) respectively. The ability of FC
to predict clinical disease relapse decreased significantly at 6 and 12-mo time intervals
from stool collection with ROC values of 0.746 (95%CI 0.626-0.866) and 0.687 (95%CI
0.554-0.82) respectively (Figure 4B and C). ESR, CRP and albumin were also unreliable
predictors at 6 and 12-mo time points (Supplemental Table 1). Repeated measures
analysis showed that a FC value of approximately 500 μg/g provided a sensitivity of
85% and specificity of 73% for predicting clinical relapse at the next visit (Figure 5A
and B).

Disease management
Management decisions were based on PCDAI score, clinical assessment and serum
laboratory values. We expected that high FC would be associated with a high PCDAI
and  vice  versa,  however  this  relationship  was  only  seen  in  24  children  (45%)
(Supplemental Figures 3 and 4). In the remaining 29 children the PCDAI and FC level
did not correlate. Despite normal FC levels (< 250 μg/g) throughout the study in 14
patients, 4 (29%) had a medication escalation (Supplemental Figure 3). FC levels > 250
μg/g were reported in 39 (74%) patients at one or more time points, however 25 (64%)
did not have a clinical flare, and in 4 of these patients (16%) therapy was actually de-
escalated (Supplemental Figure 4). In the 14 patients with a clinical flare and raised
FC, six (43%) had escalation of therapy, while eight (57%) had no medication change
(Supplemental Figure 4).

DISCUSSION
Several studies in adult IBD patients have reported a strong association between
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Table 1  Clinical characteristics of the pediatric Crohn’s disease patients included in the study (n
= 53) n (%)

Clinical characteristics of the pediatric Crohn’s disease

Males 36 (68)

Age years (median, IQR) 14.9 (11.9-16.0)

Age at diagnosis years (median, IQR) 10.9 (8.3-13.1)

Duration of disease years (median, IQR) 3.0 (1.3-5.1)

Concomitant immunosuppressant

Azathioprine 27 (51)

Methotrexate 19 (36)

None 7 (13)

Previous IBD related surgery

Perianal surgery 1 (2)

Resectional surgery 6 (11)

Crohn’s disease: Age at diagnosis (Paris classification)

A1a: 0-< 10 yr 20 (38)

A1b: 10-< 17 yr 33 (62)

Crohn’s disease: Location (Paris classification)

L1 5 (9)

L2 22 (42)

L3 26 (49)

L4 35 (66)

Crohn’s disease: Behaviour (Paris classification)

B1: non-stricturing, non-penetrating 31 (59)

B2: stricturing 12 (23)

B3: penetrating 7 (13)

B2B3: penetrating and structuring 3 (5)

P: Perianal disease 17 (32)

Crohn’s disease: Growth impairment (Paris classification)

Evidence of growth delay 0 (0)

Infliximab dosing

Interval between infliximab doses (wk), mean (range) 7 (4-8)

Mean dose (mg/kg) 6.8

IQR: Interquartile range; IBD: inflammatory bowel disease.

elevated FC levels and clinically active inflammatory disease as well as the utility of
FC to predict disease relapse[17-19,30]. However, in children the data is more limited and
mostly confined to retrospective data collection or prospective studies with single FC
measurements and short study follow-up times[20-23]. This prospective study is the first
to evaluate serial blinded FC measurements to assess their value in predicting clinical
disease relapse in children with IBD. Our study showed that serial FC levels could
predict clinical disease relapse in patients with quiescent CD on infliximab during an
18-mo follow up period. Moreover, FC demonstrated good predictive accuracy of
clinical disease relapse within 3 mo and was superior, but not significantly so, to other
currently available serum biomarkers at predicting clinical relapse.

Consistent with the adult and pediatric studies that reported higher baseline FC
levels in patients who developed symptomatic relapse, our patients who developed
symptomatic relapse had significantly higher baseline median FC levels than those
patients who maintained clinical remission (723 μg/g vs 244 μg/g). Reported cut-off
of FC to predict risk of relapse in adults and children with IBD vary widely ranging
from 120-340 μg/g in adults[18,19,31] and 108-500 μg/g in paediatrics[20,21,23]. Dierderen et
al[20] in their recent retrospective study in pediatric IBD patients noted that a baseline
FC of 250 µg/g was predictive of symptomatic relapse within 6-mo, with a hazard
ratio of 1.46 (95%CI: 1.21-1.77) with a good predictive accuracy (AUC: 0.82). Similarly,
in  our  study,  Kaplan-Meier  time-to-relapse  plots  using  FC  level  ≥  250  μg/g
determined that patients followed prospectively over 18-mo had a significant 7.9-fold
(95%CI 1.1-56.1) increased risk of developing a clinical relapse than patients with
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Figure 2

Figure 2  Increased baseline fecal calprotectin values in pediatric patients with inflammatory bowel disease
are associated with elevated risk for clinical relapse.P = 0.02. Bar graphs represent median values with
interquartile range. FC: Fecal calprotectin.

lower values (P  = 0.004).  Moreover,  FC had good accuracy in predicting clinical
disease relapse within 3 mo of collection with an ROC value of 0.86 (95%CI 0.781-
0.937).

Dierderen et al[20] reported an optimal FC cut off in pediatric IBD patients (n = 114)
of 350 μg/g with a sensitivity and specificity of 82% and 79% and a positive and
negative predictive value of 41% and 96% respectively. Conversely, in a short term
cross-sectional, observational, prospective cohort study in adult patients with IBD in
clinical remission on maintenance Infliximab a FC concentration > 160 μg/g was
reported to have a sensitivity and specificity for predicting relapse of 91.7% and 82.9%
respectively[32]. In contrast, we determined that FC values > 500 μg/g provided the
best sensitivity and specificity to predict a clinical disease relapse at the next visit.

A comparable study to ours but in adult IBD patients in clinical remission on anti-
TNF therapy followed prospectively until relapse or for 16-mo reported that FC levels
≥ 300 μg/g predicted relapse over the following 4 mo with a probability of 78.3%[19].
Moreover,  two  consecutive  FC  values  ≥  300  μg/g  increased  the  probability  of
predicting clinical relapse to 85.7%. However, the study population included both CD
(n = 71) and ulcerative colitis (n = 24) patients. In the CD cohort a FC value > 290 μg/g
predicted relapse at any time over the following 4 mo with a probability of 96%. The
variability in FC cut offs is multifactorial and likely related to differences in study
design, populations, duration of follow-up, use of clinical indicators of symptomatic
relapse,  differences  in  methodology  for  FC  quantification  and  fewer  FC
measurements.  Notably,  our  study prospectively  assessed serial  FC only  in  CD
patients on infliximab in clinical remission and the methodology for FC quantification
was validated in our laboratory prior to measuring levels. Indeed, FC levels < 500
μg/g correlated more closely than those in the upper range and given that our study
found optimal cut-offs for predicting relapse to be < 600 μg/g, using the lower range
procedure is valid.

Notably, in keeping with adult IBD practice, our study shows that children should
also have FC levels  checked every 3 mo to ensure adequate monitoring.  Indeed,
earlier detection of intestinal inflammation, with more timely management changes
could  result  in  fewer  disease  flares,  improvement  in  patient  quality  of  life  and
ultimately a decreased burden on the health care system.

A major strength of our study was the blinded and prospective longitudinal design
with repeated measurements of FC, ESR, CRP and PCDAI scores. The blinding of FC
results  ensured  that  therapeutic  changes  were  based  upon  our  current  disease
monitoring practices and were not made based upon the FC result.  The repeated
measures allowed us to evaluate the temporal relationship between test results and
clinical  relapse  providing  new  information  that  prior  studies  are  lacking[20].
Furthermore,  evaluation  of  management  decisions  following  study  completion
exposed the deficiencies in routine assessment methods when compared to FC. Of the
39 patients with elevated FC levels, FC remained elevated in 49% of patients during
the study. While only one patient in our study had a disease complication, longer-
term follow-up may uncover complications that occur in the group with persistent
elevations of FC levels. Notably, in the CALM multicentre, randomized controlled
study in adult patients with CD, escalation to adalimumab based on the tight control
(FC ≥ 250 μg/g, CRP ≥ 5 mg/L, CDAI ≥ 150, or prednisone use in the previous week)
compared  to  standard  clinical  management  (symptom-driven  decisions  alone)
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Figure 3

Figure 3  Kaplan-Meier curves at baseline through the first year of follow-up showing differences in predicting clinical relapse. A: Kaplan-Meier curves for
FC; B: Kaplan-Meier curves for ESR; C: Kaplan-Meier curves for CRP; D: Kaplan-Meier curves for albumin. FC: Fecal calprotectin; ESR: Erythrocyte sedimentation
rate; CRP: C-reactive protein.

resulted in better clinical and endoscopic outcomes at week 48[33].
While this study was limited by sample size and by the limited sensitivity of the

PCDAI clinical score this was offset by the inclusion of repeated measurements of
biomarkers and PCDAI scores collected prospectively at multiple visits over an 18 mo
follow up period. Notable, the PCDAI remains a tool frequently used in clinical care
and research studies in children; however, the gold standard assessment tool for
disease activity is endoscopic evaluation. Indeed endoscopic guided management of
IBD is becoming increasing recommended, although its true value and frequency of
use and the role of FC in guiding endoscopic intervention remain to be evaluated
prospectively. Although symptom based monitoring remains an important outcome
variable,  it  has  become increasingly  evident  that  it  correlates  poorly  with  more
objective measures of disease activity, necessitating evaluating the predictive value of
biochemical  markers  of  inflammation.  The  inclusion  of  endoscopy  to  guide
management of IBD is increasingly recommended, although its true value remains to
be prospectively evaluated.

In  conclusion,  this  prospective  longitudinal  pediatric  study  is  the  first  to
demonstrate  that  routine  serial  FC  measurements  are  an  independent  valuable
predictor of symptomatic relapse. Moreover, FC elevation was noted up to 3 mo prior
to the appearance of symptomatic relapse. Consequently, implementing a 3-monthly
test to treat FC monitoring strategy would allow clinicians to make timely therapeutic
adjustments in advance of disease relapse. However, future prospective studies are
also necessary to evaluate the impact of routine FC monitoring on long-term patient
outcomes and healthcare  system burdens.  Furthermore,  research evaluating the
relationship between FC levels and infliximab drug trough levels will be necessary to
better understand the relationship and to further guide management decisions.
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Figure 4

Figure 4  Receiver operator characteristic curve analysis for predicting clinical disease relapse. A: 3-mo; B: 6-mo; C: 12-mo. FC levels at the 3-mo visit more
accurately predict clinical disease relapse than at 6-mo and 12-mo post baseline (univariate analysis). FC: Fecal calprotectin; AUC: Area under the curve; CI:
Confidence interval.

Figure 5

Figure 5  Sensitivity at various fecal calprotectin cut off values to predict a clinical disease flare. A: Sensitivity at various fecal calprotectin cut off values to
predict a clinical disease flare at the next visit; B: False positive rates to predict a disease flare at the next visit for various FC levels (repeated measures). FC: Fecal
calprotectin.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel  disease  (IBD) is  a  chronic  relapsing intestinal  inflammatory disorder
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requiring ongoing monitoring to optimize care. It has become increasing evidence that sustained
remission reduces the likelihood of complicated disease. Consequently the incorporation of
effective monitoring tools is required to assess disease activity allowing for the escalation of
therapy in a timely manner. Fecal calprotectin (FC) has been studied in disease diagnosis and
response to therapy but there is limited data evaluating its role in disease relapse in pediatric
IBD patients in clinical remission. In the present prospective pediatric IBD study, we show that
routine serial FC measurements are a valuable predictor of symptomatic relapse.

Research motivation
The motivation of the study was to evaluate the utility of FC as a predictive marker of disease
relapse and in doing so reinforce the use of this strategy in clinical practice. Moreover adopting
the strategy outlined in the paper will hopefully lead to better monitoring of disease activity
with early optimization of therapy reducing the likelihood of fully blown clinical flare ups.
Further research will need to look at the utility of this monitoring strategy and the role and
relationship to endoscopic monitoring of disease activity and mucosal healing.

Research objectives
The main objective was to evaluate the accuracy of serial FC measurements to predict clinical
flares in pediatric Crohn’s disease (CD) patients on maintenance anti-tumor necrosis factor
therapy and in clinical remission. The realization of this objective infers that serial FC done 3-
monthly should be incorporated into clinical practice. Future research should also evaluate
whether this strategy improves the quality of care, patient outcomes and costs to health care
systems.

Research methods
This was a prospective observational study where serial FC levels were measure in pediatric
patients with IBD in clinical remission on Remicade. The responsible clinicians were blinded to
the FC results. Patient characteristics included age, sex, age of diagnosis, disease location and
behaviour, other medications (both IBD and non-IBD related), IBD-related surgeries, time from
diagnosis to infliximab start, and infliximab infusion dosing and interval were collected. The
PDCAI was recorded at each visit. FC levels were measure by ELISA within 4-mo of sample
extraction. Standard statistical methodology was used. Continuous variables are presented using
median  values  and  interquartile  range  (IQR)  and  Wilcoxon  signed-rank  test  was  used  to
compare  differences  between  patients  who  relapsed  and  remaining  in  clinical  remission.
Categorical data are presented as percentages. Kaplan-Meier survival curves (time-to-event data)
are used for biomarkers [FC, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
albumin]. One predictor logistic regression and receiver operating characteristic (ROC) curve
analyses for biomarkers were used to evaluate the cumulative incidence of flares in a 2-wk time
window around (before or after) 3 and 6 mo after the FC and a 4-wk window around 12 mo after
the FC. Specificity, sensitivity and optimal threshold values of FC were determined from ROC
curve analysis.

Research results
Of the 62 patients prospectively enrolled, 53 were analyzed; 68% were male and median follow-
up time 1.5 years. A total of 205 stool samples were collected and analyzed (mean of 4 stool
samples per patient). Symptomatic relapse was recorded in 18 (34%) patients (mean time from
enrolment to clinical flare 7.1 mo, range, 1.5-15 mo). Baseline FC level in the symptomatic relapse
group was higher than those remaining in clinical remission [median 723 μg/g (IQR 283-1758) vs
244 μg/g (IQR 61-627), P = 0.02]. The median FC level at the visit prior to relapse was 765 μg/g
(IQR 504-1800). Time to clinical relapse curves calculated for the first year of the study using
baselines FC levels < or ≥ 250 μg/g showed a significant differences in relapse rates in patients
with FC < 250 μg/g compared to those with levels ≥ 250 μg/g (P = 0.004). In addition, FC had
good accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC value
of 0.86 [95% confidence interval (CI) 0.781-0.937]. Treatment decisions were based on clinical
symptoms and standard biomarkers of inflammation (ESR and CRP) and thus did not reflect the
potential benefit of the FC result. Consequently prospective evaluation of sequential FC testing is
required to evaluate the short and long-term benefits on disease remission and outcome.

Research conclusions
FC had good accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC
value of 0.86 (95%CI: 0.781-0.937). Prospective monitoring with proactive intervention with
either endoscopy assessment of disease activity and extent and, or optimization of medical
therapy will reduce the likelihood of clinical flares, reduce the risk of complication and improve
patient outcomes. FC is a useful biological tool to evaluate disease activity in patients in clinical
remission on a biological agent. The Pediatric CD Activity Index (PCDAI) is not sensitive enough
to monitor disease activity in children with CD. The addition of FC monitoring improves the
quality of care for children with IBD. Regular 3-monthly FC monitoring should be incorporated
into clinical practice. However it is important to follow the trend in level and not rely on a single
level. That 3-monthly FC monitoring is a good addition to currently available biomarkers of
inflammation. That FC is a good predictor of clinical relapse. That 3-monthly FC monitoring
detects patients who will experience a symptomatic flare of disease. The inclusion of regular 3-
monthly FC monitoring into clinical practice. The addition of FC monitoring will improves the
quality of care and outcomes for children with IBD.

Research perspectives
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Such studies are important to do. Colonoscopy should be included as an endpoint. A treatment
decision can be made based on the FC result with subsequent determination whether the change
had  positive  benefit  (i.e.,  normalization  of  FC  level  and  evidence  of  mucosal  healing  at
colonoscopy). To prospective evaluate sequential FC testing and to determine the short and long-
term benefits on disease remission, quality of life, patient outcome and related health care-costs.
To define the relationship between FC monitoring and endoscopic monitoring of disease activity
and mucosal healing. To determine the best cut off for FC for patients in remission. Prospective
interventional studies with clearly defined FC levels, endoscopic score and treatment strategies
with clearly defined primary and secondary outcomes (i.e., disease in steroid free remission,
disease biochemical remission, and mucosal healing).
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