
Fecal calprotectin is not superior to serum C-reactive
protein or the Harvey–Bradshaw index in predicting
postoperative endoscopic recurrence in Crohn’s
disease
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Background Fecal calprotectin (FC) is a widely used noninvasive marker of gut inflammation that is associated with endoscopic
severity in Crohn’s disease (CD). However, FC has been inconsistent in predicting postoperative recurrence of CD, and its utility in
the postoperative setting remains unclear.
Materials and methods Blood and fecal samples were collected in consecutively recruited patients with CD who had
undergone ileocolonic resection and required a colonoscopy to assess postoperative recurrence, as defined by the Rutgeerts
score (RS).
Results A total of 86 patients were prospectively recruited at five centers. Overall, 49 (57%) had CD recurrence (RS≥ i2).
FC concentrations trended to increase with RS severity; FC median (interquartile range) was significantly higher in patients with
endoscopic recurrence than those in endoscopic remission [172.5 (75–375) vs. 75 (36.5–180.5) μg/g, respectively]. The same
occurred for C-reactive protein (CRP) [0.5 (0.1–0.95) vs. 0.1 (0.02–0.27)] mg/dl and the Harvey–Bradshaw index (HBI) [4 (2–7) vs.
1 (0–3.5)]. The three variables significantly correlated. The area under the curve to discriminate between patients in endoscopic
remission and recurrence was 0.698 for FC, with 62 μg/g being the optimal cut-off point. This indicated FC would have 85.7%
sensitivity and 45.9% specificity in detecting any recurrence, having positive predictive value and negative predictive value of 67.7
and 70.8%, respectively. Area under the curve for CRP and HBI were both 0.710. The combination of CRP and HBI provided a
positive predictive value 95.7 and a diagnostic odds ratio of 30.8.
Conclusion FC is not better than CRP combined with HBI to predict endoscopic postoperative recurrence of CD. Eur J
Gastroenterol Hepatol 30:1521–1527
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Crohn’s disease (CD) is an inflammatory bowel disease
(IBD) with a chronic and relapsing clinical course. The
appearances of complications of CD, including abscesses,
fistula, perforations, bleeding, and failure of response to
medication, are common and may lead to surgery [1].
Resection of the affected bowel segment will be required in

half of the patients with CD within 10 years after diagnosis,
but this figure may increase up to 80% during their lives,
the most common of which being an ileocolic resection [2].
However, surgery is not a cure, and recurrence of mucosal
inflammation is observed endoscopically in 70–90% of
adult patients with CD within a year of surgery, although
only one-third of them will present with symptoms [3,4].

Postoperatively, patients with CD require regular
monitoring to check for endoscopic recurrence and disease
progression after ileocolonic resection. Endoscopic indexes
constitute the gold standard in defining IBD relapse owing
to their high sensitivity and specificity [5,6]. However,
colonoscopy is an invasive, expensive, and not always
well-tolerated technique, so finding alternative monitoring
methods has been actively pursued. Clinical symptoms [7]
and some unspecific noninvasive markers [8] are far from
optimal to predict postoperative inflammatory activity in
endoscopy, especially for mild flares, and have limited
utility in other concomitant processes of IBD [9].

Fecal markers such as calprotectin are potentially more
specific than blood markers because they are unaffected by
extraintestinal processes. Calprotectin constitutes the main
cytosolic protein of neutrophils and macrophages, exu-
dated to the lumen from the inflammation of the intestinal
mucosa [10]. Fecal calprotectin (FC) levels correlate with
endoscopic disease activity in CD [11] and were proposed
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as a simple, adequate and noninvasive method in evalu-
ating recurrence in postoperative patients with CD [12].
More recent studies, however, have recommended against
using calprotectin as a substitute for colonoscopy for CD
monitoring and treatment adjustment [13–15]. Data
regarding the usefulness of FC levels to predict relapse in
patients with CD receiving biological therapies are limited
and conflicting [16,17]. The prognostic value of FC in
patients undergoing different treatments and with varying
degrees of severity of the disease requires further evaluation.

The aim of the study was to evaluate the predictive
value of a rapid test of FC for the presence and severity of
postoperative endoscopic recurrence in patients with CD,
compared with CRP and the clinical evaluation of disease
activity. In addition, we sought to identify whether treat-
ment modalities modify the predictive capacity of such
markers.

Materials and methods

Study design

A cross-sectional, observational, multicenter cohort study
was performed within the Ciudad Real province IBD work-
ing group, which represents all adult IBD units in this region
of Spain [18]. Consecutive recruitment was designed and
conducted prospectively from April 2016 to September 2017
on patients who required assessment of postoperative
recurrence of CD. Inclusion criteria consisted of adult
patients with a previous diagnosis of CD based on clinical,
endoscopic, radiologic, and histologic criteria [19], who
underwent ileocolic resection for active CD at any point after
the diagnosis of the disease, and accepted undertaking a
colonoscopy and FC determination. All patients received
standard postoperative care, including metronidazole for
3 months. Therapy to maintain disease remission was being
used for at least 6 months before at stable doses. Exclusion
criteria were patients aged under 18 years, those with
incomplete colonoscopy or lack of FC examination, pregnant
women, and patients with IBD unclassified.

Assessment of clinical activity

Inclusion criteria were determined at baseline by the IBD
physicians in charge at the point of recruitment. Clinical
activity was assessed by using the Harvey–Bradshaw index
(HBI) [20], wherein general welfare, abdominal pain, stool
frequency and consistency, abdominal mass, erythema
nodosum and uveitis were recorded. Clinical remission
was considered as an index less than or equal to 5 [21].
Blood and stool analyses were requested to be performed
before endoscopy, including C-reactive protein (CRP)
serum concentration and FC. An appointment for an
endoscopy to be performed in less than a month from
inclusion was offered to all patients. Epidemiological and
clinical data obtained at the time of diagnosis included
patient age, sex, type and location of the disease according
to the Montreal classification system [22], and date of the
surgical resection/s.

Stool tests and laboratory analyses

Stool samples were collected from baseline and 3 days
before endoscopy and routinely processed in clinical

laboratories of the participating centers. All used the same
type of test to determine FC, the Quantum Blue
Calprotectin kit (Bühlmann Laboratories, Schönenbuch,
Switzerland). The values provided by the laboratories
ranged from less than 30 to more than 1000 μg/g. Normal
values for serum CPR ranged at 0.1–1mg/dl.

Endoscopic assessment

A complete ileocolonoscopy was performed under seda-
tion by trained endoscopists of the IBD unit at each par-
ticipating hospital. From the ileocolonoscopy, mucosal
recurrence at the anastomosis and neoterminal ileum was
assessed according to the Rutgeerts score (RS) [23] by the
endoscopist, who was not blinded to patient treatment.
Endoscopic remission was defined as a RS of i0 (no lesions)
or i1 (five aphthous lesions), and recurrence was defined as
a RS of i2 (>5 aphthous lesions or larger lesions confined
to anastomosis), i3 (diffuse ileitis), or i4 (diffuse inflam-
mation with large ulcers and/or narrowing).

Statistical analysis

Results for continuous variables are expressed as the mean
and SD or as the median and interquartile range (IQR);
qualitative variables are presented as absolute and relative
frequencies. The χ2 (Fisher’s exact test, where appropriate)
and Mann–Whitney U-test were used to compare quali-
tative and quantitative variables, respectively. Multivariate
logistic regression models for the variables with statistical
significance or clinical relevance in the bivariate analysis
were obtained. Odds ratios (OR) with 95% CIs were
calculated for significant variables.

A diagnostic study was then conducted calculating for
each variable its cut-off point with the best diagnostic
value (best balance between sensitivity and specificity)
according to the Youden method [24]. The sensitivity,
specificity, predictive values, likelihood ratios (LH+), and
diagnostic odds ratios were calculated by each cut-off.
Receiver operating characteristic (ROC) curves and area
under curve (AUC) were performed.

A significance level of 0.05 was used throughout.
Analyses and summaries were carried out with the PASW
statistical program (version 18.0; SPSS Inc., Chicago,
Illinois, USA) and Epidat v3.1 (General Directorate of
Public Health of the Galician Health Service, Spain).

Ethical considerations

This study was conducted in accordance with the
Declaration of Helsinki principles and following the rules
for Good Clinical Practice. The registries supporting this
study were approved by the local ethics or research com-
mittees at every participating center, and all patients gave
their informed consent before inclusion.

Results

Patients characteristics

A total of 89 patients diagnosed with CD and ileocolonic
resection underwent a colonoscopy to assess endoscopic
recurrence; 86 of them (including 45 males and 41 women)
who had matched complete colonoscopy with ileal
intubation, FC, CRP results and HBI constituted the
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study cohort. Two of the patients who were initially
recruited did not provide stool samples for FC and a third
did not have serum CRP results around the time of the
colonoscopy; hence, they were removed from the analyses.
The median age at CD diagnosis was 30.8 years (IQR:
22.7–45.7). At the point of inclusion, the median age was
46.2 (IQR: 35.3–53.2) years old. Active smoking at the
point of inclusion was present in 21 (34.4%) patients
whereas 12 (19.7%) patients were former smokers and 28
(45.9%) had never smoked.

A total of 36 (41.9%) patients were being treated with
immunosuppressant drugs at the point of inclusion and 23
(26.7%) were receiving antitumor necrosis factor-α ther-
apy. Combination therapy was being used in 21 (24.4%)
patients and six (6.9%) patients were receiving neither of
these options. Table 1 shows the characteristics of the
study cohort.

Colonoscopic assessment, blood and fecal biomarkers

Among the 86 patients enrolled, 37 (43%) were in endo-
scopic remission (i.e. RS i0 or i1), whereas endoscopic
recurrence (RS ≥ i2) was evidenced in 49 (57%) patients.
Median (IQR) FC concentration was 172.5 (75–375) μg/g in
patients with a relapse of CD and 75 (36.5–180.5) μg/g in
those maintaining endoscopic remission (P=0.003). The
same occurred with median (IQR) CRP [0.5 (0.1–0.95) vs.

0.1 (0.02–0.27)mg/dl; P=0.001] and the HBI [4 (2–7) vs. 1
(0–3.5); P=0.001] (Fig. 1).

FC concentrations trended to increase gradually in
accordance with the severity of postoperative endoscopic
recurrence (Table 2): RS correlated significantly with FC
values (ρ=0.327, P=0.002), and also with CRP (ρ=0.360;
P=0.001) and HBI (ρ=0.366; P=0.001). In addition, FC
concentrations were associated with those of CRP (ρ=0.354;
P=0.001) and HBI scores (ρ=0.370; P=0.001).

Diagnostic accuracy of fecal calprotectin and C-reactive
protein in discriminating postoperative endoscopic
remission from recurrence in postoperative Crohn’s
disease

For FC and CRP concentrations, and for the HBI score,
ROC curves were made, keeping all the continuous data in
order to find the optimal cut-off point. For FC, an AUC of
0.698 (95% CI: 0.58–0.81), and an optimal cut-off of 62
μg/g using the Youden test were obtained. This indicated
that calprotectin would have 85.7% sensitivity and 45.9%
specificity in detecting any recurrence. Positive predictive
value (PPV) was 67.7% and the negative predictive value
was 70.8%, thus showing that FC would not detect 29.2%
of patients with CD with postoperative recurrence.

An AUC of 0.710 (95% CI: 0.60–0.82) was calculated
for CRP, with 0.32 being the optimal cut-off value
according to the Younden test. HBI score values also
provided an AUC of 0.710 (95% CI: 0.6–0.82); the opti-
mal cut-off value to discriminate endoscopic remission
from recurrence was 2, according to the Youden test
(Table 3 and Fig. 2). Figure 3 reflects a graph with curves
for the three variables and their corresponding AUC. In
addition, the sensitivity and specificity values for other
cutoff points were calculated (Table 3). Subgroup analyses
revealed that the time elapsed since surgery did not sig-
nificantly modify the predictive performance of the three
markers (Supplementary Table 1, Supplemental digital
content 1, http://links.lww.com/EJGH/A353).

Owing to the limitations in the individual predictive
capacity of each of these variables, we next looked to see if
particular combinations could increase their diagnostic
performance. The combination of a CRP concentration
over 0.32mg/dl and an HBI index over two provided a
PPV of 95.7, a positive LH+ of 16.85 and a diagnostic OR
of 30.8. When these two variables were joined to a FC
concentration more than 62 μg/g, the PPV resulted in 94.1,
LH+ was 12.26 and the diagnostic OR was 18.06.
Supplementary Table 2 (Supplemental digital content 2,
http://links.lww.com/EJGH/A354), shows the diagnostic
performance of other combinations with their 95% CI.

Effect of Crohn’s disease therapy in the diagnostic
performance of fecal calprotectin and C-reactive protein

Since previous research has documented a reasonable
predictive ability for FC in patients with IBD receiving
antitumor necrosis factor-α therapy [17], we next aimed to
analyze the potential effect of CD therapy on the diag-
nostic performance of FC, CRP and HBI in predicting
postoperative recurrence through subgroup analysis,
according to CD therapy at the point of endoscopy and RS
assessment. No significant differences were found in the
predictive capacities of AUC for FC concentration, serum

Table 1. Baseline clinical and demographic characteristics of patients
with Crohn’s disease at the time of endoscopy

Overall cohort (N=86)

Sex (male/female) 45 (52.3)/41 (47.7)
Age at diagnosis [median (IQR)] (years) 30.8 (22.7–45.7)
Disease duration [median (IQR)] (years) 7.9 (3.9–16.5)
Age at colonoscopy [median (IQR)] (years) 46.2 (35.3–53.2)
Time from last ileocecal resection [median (IQR)]
(years)

4.5 (2–9.7)

Smoking habits at study inclusion [N (%)]
Never smoked 28 (45.9)
Former smoker 12 (19.7)
Current smoker 21 (34.4)

Disease behavior at surgery [N (%)]
B1 11 (12.8)
B2 49 (57)
B3 26 (30.2)

Disease location al surgery [N (%)]
L1 38 (44.2)
L2 3 (3.5)
L3 35 (40.7)
L1+L4 3 (3.5)
L2+L4 1 (1.2)
L3+L4 6 (7)

Number of intestinal surgery [median (rank)] 1 (1–3)
Drug therapy for CD at study inclusion [N (%)]
Immunosuppressants 36 (41.9)
Antitumor necrosis factor agents 23 (26.7)
Combined immunosuppressants + antitumor
necrosis factor agents

21 (24.4)

Mesalazine 6 (6.9)
Harvey–Bradshaw index [median (IQR)] 2.5 (0–6)
FC [median (IQR)] (µg/g) 110.5 (60–289.3)
CPR [median (IQR)] (mg/dl) 0.2 (0.09–0.62)
Rutgeerts score [N (%)]
i0 24 (27.9)
i1 13 (15.1)
i2 24 (27.9)
i3 10 (11.6)
i4 15 (17.4)

CD, Crohn’s disease; CRP, C-reactive protein; FC, fecal calprotectin; IQR,
interquartile range.
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CRP and HBI score between therapies (Table 4). Finally,
no significant effect was demonstrated for the smoking
status on the diagnostic performance of FC for endoscopic
postoperative recurrence of CD. AUC of FC in those who
never smoked, current smokers and former smokers were
0.654, 0.741 and 0.625, respectively (P=0.536).

Discussion

The present study explores the relationship between FC
concentrations and the magnitude of postoperative endo-
scopic recurrence in a cross-sectional cohort of patients with
CD, recruited from several IBD facilities in Central Spain,
and who received ileocolonic resection. According to our
results, the predictive ability of FC in this clinical scenario
is more limited than previously shown in nonoperated
patients with CD [25,26], and not superior to standard
evaluation with clinical symptoms and serum CRP in iden-
tifying patients with postoperative recurrence of CD.

Evidence on the cost-effectiveness of FC with regard to
screening patients of all ages with a suspicion of IBD, has
been provided [27], and resulting in good sensitivity and
specificity values, generally higher in adults than in chil-
dren [28]. However, FC concentration values are ineffec-
tive in distinguishing between CD and ulcerative colitis
[29]. Once a diagnosis of IBD has been achieved, FC has
been used repeatedly to monitor disease activity.
According to studies recruiting patients with IBD in
remission, FC could be also considered as an appropriate
tool for predicting relapse of the disease [30–33], with a
meta-analysis that provided a pooled AUC of 0.79 and
0.78 in patients with CD and UC, respectively [34], thus
allowing for early changes in treatment.

The capacity of FC to predict endoscopic postoperative
recurrence of CD in patients who underwent colonoscopy
as a reference test was later assessed in several studies,
subsequently pooled in a meta-analysis [12]. The AUC
values provided for endoscopic recurrence ranged from
0.86 to 0.74 [13,37]. It should be noted that widely vari-
able cut-off values for FC and standards for relapse were
used in font studies, and the sensitivity and specificity of
FC greatly depended on the cut-off value considered, with
no commonly accepted threshold provided [35].
Additional reasons for this variability include that the
accuracy of the different tests for assessing IBD varies from
one to the other [12,36], and differences in inclusion cri-
teria among the studies (some of them considering exclu-
sively asymptomatic patients [37–39]). The prognostic
value of FC probably differs in patients receiving different
treatments and in those suffering from different severities
of the disease. It has already been shown that FC is a very
accurate marker in preventing relapse within the following
2 months after administration of infliximab in non-
operated patients with IBD (who potentially would have a
severe disease). Low levels of FC just before infliximab
administration prevented relapse with 100% accuracy, up
to the next dose 8 weeks later [17]. Although these results
have not been universally reproduced [16], it was neces-
sary to check these differences in the predictive precision of
FC in patients with CD with ileocecal resection receiving
different treatment modalities.

We found that FC in this scenario provided an overall
AUC of 0.698 which ranged from 0.60 to 0.805 when
patients were subgrouped according to CD therapies. A
nonsignificant increase in the diagnostic performance of
FC from patients treated with immunomodulators to those
under a combination therapy was found (Table 4), with no
differences demonstrated for CRP or HBI. Time since
surgery did not influence the diagnostic performance of
any of the three markers assessed.

By using the Younden test, we calculated that the
optimal cut-off concentration of FC was 62 μg/g, with
85.7% sensitivity and 45.9% specificity, for identifying
any CD recurrence. Additional studies also showed that
relatively low FC concentration performed well in terms of
providing acceptable-to-good negative predictive values.
Optimal cut-off of 100 μg/g FC postoperatively was cal-
culated by Boschetti et al. [37] in France and by Wright
et al. [38] in Australia. In Spain, Lobaton et al. [40]
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Fig. 1. Concentration of fecal calprotectin (a), C-reactive protein (b) and Harvey–Bradshaw index (HBI) (c) on logarithmic scales in patients with Crohn’s disease
according to explanatory variable recurrence/nonrecurrence after colonoscopy, where nonrecurrence is Rutgeerts score i0 to i2a. The boxplots show median,
upper, and lower quartiles of the data; the whiskers indicate the 95% confidence interval of the values.

Table 2. Mean concentrations of fecal calprotectin, C-reactive protein
and Harvey–Bradshaw index according to the Rutgeerts score for
postoperative recurrence of Crohn’s disease

Rutgeerts score
(number of patients)

FC [median (IQR)]
(μg/g)

CPR [median
(IQR)] (mg/l)

Harvey–Bradshaw
index [median

(IQR)]

i0 (n=27) 67.5 (26.3–154.5) 0.1 (0.03–0.26) 1 (0–4)
i1 (n=13) 100 (46.5–210.5) 0.1 (0.02–0.3) 1 (0–3)
i2 (n=24) 166.5 (64.8–316.3) 0.45 (0.11–0.62) 4 (1–6)
i3 (n=10) 98.5 (63–625) 0.1 (0.05–0.73) 6 (3–8)
i4 (n=15) 259 (131–543) 0.93 (0.15–3.8) 5 (2–9)

CRP, C-reactive protein; FC, fecal calprotectin; IQR, interquartile range.
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Table 3. Diagnostic accuracy of fecal calprotectin, C-reactive protein and Harvey–Bradshaw index to predict endoscopic postoperative recurrence of Crohn’s disease in patients who had undergone ileocecal
resection

Sensitivity (95% CI) (%) Specificity (95% CI) (%) PPV (95% CI) (%) NPV (95% CI) (%) LR+ (95% CI) LR− (95% CI) OR diagnostic (95% CI) AUROC

FC cut-off (µg/g) 0.698 (0.58–0.81)
50 89.8 (78.2–95.6) 40.5 (26.3–56.5) 66.7 (54.7–76.8) 75 (53.1–88.8) 1.51 (1.14–2) 0.25 (0.10–0.61) 6 (1.93–18.65)
62 (Youden test) 85.7 (73.3–92.9) 45.9 (31–61.6) 67.7 (55.4–78) 70.8 (50.8–85.1) 1.59 (1.15–2.18) 0.31 (0.15–0.65) 5.1 (1.82–14.27)
100 67.3 (53.4–78.8) 56.8 (40.9–71.3) 67.3 (53.4–78.8) 56.8 (40.9–71.3) 1.56 (1.03–2.36) 0.58 (0.36–0.92) 2.71 (1.12–6.55)
200 46.9 (33.7–60.6) 78.4 (62.8–88.6) 74.2 (56.8–86.3) 52.7 (39.8–65.3) 2.17 (1.10–4.29) 0.68 (0.49–0.93) 3.21 (1.22–8.4)
250 42.9 (30–56.7) 88.6 (72–94.1) 80.8 (62.1–91.5) 53.3 (40.9–65.4) 3.17 (1.32–7.62) 0.66 (0.5–0.88) 4.8 (1.6–14.4)

CRP cut-off (mg/l) 0.710 (0.6–0.82)
0.32 (Youden test) 57.1 (43.3–70) 85.7 (70.6–93.7) 84.8 (69.1–93.3) 58.8 (45.2–71.2) 4 (1.71–9.33) 0.5 (0.35–0.71) 8 (2.66–24.1)
0.5 40.8 (28.2–54.8) 91.4 (77.6–97) 87 (67.9–95.5) 52.5 (40.2–64.5) 4.76 (1.53–14.79) 0.65 (0.5–0.84) 7.36 (1.98–27.36)
0.75 30.6 (19.5–44.5) 91.4 (77.6–97) 83.3 (60.8–94.2) 48.5 (36.8–60.3) 3.57 (1.12–11.41) 0.76 (0.6–0.96) 4.71 (1.24–17.8)
1 22.4 (13–35.9) 94.3 (81.4–98.4) 84.6 (57.8–95.7) 46.5 (35.4–58) 3.93 (0.93–16.63) 0.82 (0.67–1.01) 4.78 (0.99–23.12)
1.5 14.3 (7.1–26.7) 100 (90.1–100) 100 (64.6–100) 45.5 (34.8–56.5) – 0.86 (0.76–0.96) –

Harvey–Bradshaw index cut-off 0.710 (0.6–0.82)
1 83 (69.9–91.1) 40.5 (26.3–56.5) 63.9 (51.4–74.8) 65.2 (44.9–81.2) 1.4 (1.04–1.88) 0.42 (0.21–0.85) 3.32 (1.22–9.08)
2 (Youden test) 78.7 (65.1–88) 56.8 (40.9–71.3) 69.8 (56.5–80.5) 67.7 (50.1–81.4) 1.82 (1.22–2.71) 0.37 (0.21–0.68) 4.86 (1.87–12.61)
3 61.7 (47.4–74.2) 64.9 (48.8–78.2) 69 (54–80.9) 57.1 (42.2–70.9) 1.76 (1.07–2.87) 0.59 (0.39–0.90) 2.97 (1.22–7.28)
4 57.4 (43.3–70.5) 75.7 (59.9–86.6) 75 (58.9–86.2) 58.3 (44.3–71.2) 2.36 (1.27–4.39) 0.56 (0.38–0.82) 4.20 (1.63–10.84)

AUROC, area under the receiver operating characteristic curve; CI, confidence interval; CRP, C-reactive protein; FC, fecal calprotectin; LR, likelihood ratio; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value.
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CRP or HBI in predicting postoperative endoscopic
recurrence of CD. Differences in inclusion criteria (by
recruiting exclusively asymptomatic patients [37,38] or
also those with a clinically active disease [13,14] as in our
case) might contribute to these differences. However,
combinations of these variables markedly improved the
diagnostic performance: increased values of CRP together
with an HBI over two points provided a high PPV of 95.7,
a positive LH+ of 16.85 and a diagnostic OR of 30.8.
Notably, adding FC values to the combination did not
increase the likelihood of diagnosing postoperative CD
recurrence.

Our study has strength in that it included a relatively large
number of patients with CD, prospectively recruited in sev-
eral IBD units and who were assessed for postoperative
recurrence by the RS (the standard score routinely used in
clinical practice and most research). FC concentration was
determined using the same method in each clinical laboratory
facility in all recruiting centers, thus avoiding the variances
reported with different tests [36]. FC levels, as evaluated by
the Quantum Blue rapid test, have been shown to correlate
well with the standard ELISA test [41]. As for CRP, bio-
markers were determined very close to endoscopic evalua-
tion. Owing to the inclusion criteria, and in agreement with
previous research [38,40], recruited patients presented with
variable degrees of clinical activity, thus improving the
representativeness of our sample as the clinical spectrum of
real patients with CD who attend IBD clinics.

However, we should also acknowledge some limitations of
our research. First, disease recurrence and activity was exclu-
sively assessed by ileocolonoscopy, even when a proportion of
patients in our cohort (8.1%) had CD involving upper gas-
trointestinal tract (L4) which could not be assessed by per-
forming ileocolonoscopies. Second, the cross-sectional inclusion
of patients with differing timescales since their last surgery and
having a variety of therapies precluded the identification of a
potential clinical profile for an optimal FC performance. Third,
clinical remission of CD was defined exclusively based on the
HBI, without its utility having been validated in the post-
operative setting [42]. Fourth, potential differences in outcomes
according to the surgical technique after ileocolic resection (i.e.
side-to-side or end-to-end anastomosis) were not evaluated.
Lastly, the gastroenterologist undertaking the evaluation of the
gold-standard RS was not blinded to the treatment and clinical
course of recruited patients, thus risking potential bias in the
postoperative assessment.

Conclusion

The capacity of FC to predict endoscopic postoperative
recurrence in patients with CD who have undergone sur-
gery was not superior to the combination of CRP with

HBI. FC exhibited a low negative predictive value of
around 70% despite establishing a very low optimal cut-
off point of 60 μg/g. As a result, FC does not constitute a
substitute for colonoscopy in monitoring operated on
patients with CD, as 1 out of three will present endoscopic
recurrence despite negative FC values. A plethora of sub-
stitute and/or complementary markers to calprotectin are
currently being evaluated [43]; it is expected that some of
them will have an optimal diagnostic performance to
obviate the currently still needed colonoscopy in the eva-
luation of the postoperative recurrence of CD disease.
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