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Fecal Calprotectin Is Highly Effective to Detect Endoscopic
Ulcerations in Crohn’s Disease Regardless of Disease Location

Anthony Buisson, MD, PhD,*"** Wing Yan Mak, MD,** Michael J. Andersen Jr., BS,* Donald Lei, MS,* Joel
Pekow, MD,* Russell D. Cohen, MD,* Stacy A. Kahn, MD," Bruno Pereira, PhD," and David T. Rubin, MD*

Background: As the reliability of fecal calprotectin (Fcal) remains debatable to detect endoscopic ulcerations in patients with pure ileal Crohn’s
disease (CD), we aimed to compare its performances with those observed in patients with colonic or ileocolonic location.

Methods: Using a prospectively maintained database, we analyzed 123 CD patients with Fcal measurement and ileocolonoscopy performed
within 1 month with no therapeutic intervention during this interval. Receiver operating characterstic curves (ROC) were used to determine the
best Fcal threshold to detect endoscopic ulcerations, taking into account the clinical relevance and usual recommended indices. Sensitivity, spec-
ificity, and positive (PPV) and negative predictive values (NPV) were presented with 95% confidence intervals.

Results: The mean Fcal level was significantly higher in patients with endoscopic ulcerations in the L1 group (P = 0.025) and the L2-L3 group
(P <0.001). Using ROC curves, Fcal >200 pg/g and Fcal >250 pg/g were the best thresholds to detect endoscopic ulcerations in the L1 group (sen-
sitivity = 75.0, 95% CI, 47.6-92.7; specificity = 87.5, 95% CI, 67.6-97.3; PPV = 80.0, 95% CI, 51.9-95.7; and NPV = 84.0; 95% CI, 63.9-95.5) and
in the L2-L3 group (sensitivity = 84.1 95% CI, 69.9-93.4; specificity = 74.4, 95% CI, 57.9-87.0; PPV = 78.7, 95% CI, 64.3-89.3, and NPV = 80.6,
95% CI, 64.0-91.8), respectively. We compared the AUC between L1 and L2-L3 groups, and no difference was shown (0.89 vs 0.84, respectively,
P =0.46). We also compared 2-by-2 sensitivity, specificity, PPV, NPV, and accuracy and we did not observe any significant difference.

Conclusion: Fecal calprotectin is highly effective to detect endoscopic ulcerations regardless of CD location but requires a lower cutoff value in

patients with pure ileal involvement.
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INTRODUCTION

Crohn’s disease (CD) is a chronic, progressive, and
disabling disorder that can lead to bowel damage and signifi-
cantly alter patients’ quality of life.:? In the last decade, the ther-
apeutic target has evolved in CD from clinical remission to more
objective markers of intestinal inflammation to alter the natural
history of the disease and prevent the occurrence of complica-
tions. Endoscopic mucosal healing, mostly defined as the absence
of endoscopic ulceration, is hitherto the most validated end
point in patients with CD, as it is associated with sustained clin-
ical remission and a lower risk of subsequent hospitalization or
CD-related surgery.>* More recently, tight control of objectively
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measured gastrointestinal inflammation, the so-called “treat-
to-target” strategy, is now suggested in the management of pa-
tients with inflammatory bowel diseases (IBD).*® Despite these
advances in management goals, repeated surveillance colonos-
copies are expensive and burdensome for patients,” highlighting
the need for more convenient and less invasive monitoring tools
except for dysplasia surveillance. One proposed marker is fecal
calprotecin (Fcal), which has been shown to have some benefit
in the assessment of mucosal healing in patients with CD.!%2!
However, it has been suggested that the performance of this bio-
marker compared with endoscopic assessment is less accurate in
CD restricted to the terminal ileum.!® > 22 There are limitations

Conflicts of Interest: DTR declares consultant fees for Abbvie, Abgenomics,
Allergan, Inc., Boehringer Ingelheim, Ltd., Bristol-Myers Squibb, Celgene
Corporation, Dizal Pharmaceuticals, GalenPharma/Atlantica, Genentech/Roche,
Gilead Sciences, Ichnos Sciences, GlaxoSmithKline Group, Janssen Pharmaceuticals,
Lilly, Narrow River Mgmt, Pfizer, Prometheus Laboratories, Shire, Takeda and grant
support from Abbvie, Genentech/Roche, Janssen Pharmaceuticals, Prometheus
Laboratories, Shire, and Takeda. AB declares lecture fees for MSD, Abbvie, Ferring,
Takeda, Vifor Pharma, and Hospira and consulting fees for Abbvie, Takeda, and
Hospira. SAK declares unpaid research collaboration with Abbvie. None of the
conflict of interest previously described (AB, DTR, SAK) are related to this work.

Address correspondence to: David T. Rubin, 5841 S. Maryland Ave. | MC4076|
Chicago, IL 60637, USA. E-mail: drubin@medicine.bsd.uchicago.edu.

© The Author(s) 2020. Published by Oxford University Press on behalf of
Crohn’s & Colitis Foundation. All rights reserved. For permissions, please e-mail:
journals.permissions@oup.com

doi: 10.1093/ibd/izaa269

Published online 27 October 2020

1008


http://orcid.org/0000-0003-3778-7161
http://orcid.org/0000-0001-5647-1723
mailto:drubin@medicine.bsd.uchicago.edu?subject=

Inflamm Bowel Dis  Volume 27, Number 7, July 2021

Fecal Calprotectin in Ileal CD

to this assertion though, including the fact that the 2 available
endoscopic scores for CD, the Crohn’s disease endoscopic ac-
tivity index of severity (CDEIS)* and the simplified score for
CD (SES-CD),* were developed to assess colonic CD and there-
fore often underestimate the severity of CD limited to the ileum.
In addition, prior studies were not designed to specifically assess
the ileal phenotype, and no statistical analysis was performed
to compare the correlation coefficients or the performances be-
tween the patients with pure ileal CD and those with colonic or
ileocolonic involvement,'® > 22 and such studies did not observe
differences according to disease location.!”? Therefore, the aim
of our study was to compare the performance of Fcal in the de-
tection of endoscopic ulcerations in patients with pure ileal CD
with patients with colonic or ileocolonic involvement.

METHODS

Ethical Consideration

This study was respectful of the Declaration of Helsinki,
Good Clinical Practice, and current guidelines. The study was
approved by the institutional review board of the University of
Chicago (IRB17-0559).

Patients

From a prospectively maintained database (IRB protocol
15573A), we identified all patients with an established diagnosis
of CD who are followed in our center and have had at least 1 Fcal
measurement. Among them, we enrolled all the CD patients
with ileocolonoscopy performed within 1 month of Fcal meas-
urement with no therapeutic intervention during this interval.
Patients with unclassified inflammatory bowel disease (IBD-U)
or who took NSAIDs or aspirin within the 4 weeks before the
measurement of calprotectin were not included. Regarding the
patients with prior history of proximal small bowel location, we
included only those who underwent an examination (magnetic
resonance enterography, computed-tomography enterography,
or wireless capsule endoscopy) within the 3 months before the
inclusion and excluded any with proximal small bowel active
lesions. Clinical characteristics including Montreal classifica-
tion,” evaluation by the Harvey-Bradshaw index (HBI), and
current medications were reviewed. The patients were divided
in 2 groups according to Montreal classification: L1 group (pa-
tients with pure ileal CD) and L2-L3 group (patients with iso-
lated colonic or ileocolonic involvement).

Endoscopy

Tleocolonoscopy was performed using conscious sedation
for all the patients. The endoscopic reports including photo-
graphs were retrospectively reviewed by an IBD physician (AB)
to assess the presence of endoscopic ulcerations (superficial or
deep ulcerations) or the presence of endoscopic lesions (ery-
thema, edema, or aphthoid erosions).”’ Endoscopic evaluation
was performed blinded from the results of Fcal measurement.

Fecal Calprotectin Measurement

The level of Fcal was assessed in the same way as in our
routine practice, using quantitative enzyme-linked immuno-
sorbent assay (ELISA). Technicians, who were blinded from
the current clinical and endoscopic data, performed the ana-
lyses. The limits of detection for calprotectin using this assay
ranged from 15.6 to 2500 pg/g. Consequently, all values below
15.6 or above 2500 pg/g were considered as equal to 15.6 and
2500 pg/g, respectively. The values of Fcal were given as pg/g.

Statistical Analysis

STATA software (version 13, StataCorp, College Station,
USA) was used for performing the analyses (2-sided tests, with
type 1 error set at alpha = 0.05). The characteristics at the time
of inclusion were given as mean or median with standard devia-
tion or interquartile range (IQR), depending on statistical distri-
bution. Comparisons of parameters between the 2 independent
arms (ie, L1 group vs L2-L3 group) were performed using %> or
Fisher exact tests for categorical variables and Student ¢ test or
Mann-Whitney U test if assumptions of # test were not met: (1)
normality and (2) assumption of homoscedasticity studied using
Fisher—Snedecor test for quantitative parameters. Receiver oper-
ating characterstic (ROC) curves were used to determine the best
fecal calprotectin threshold to detect endoscopic ulcerations or
lesions, taking into account the clinical relevance and usual re-
commended indices (Youden, Liu, and efficiency). Sensitivity,
specificity, predictive values (negative and positive) and likelihood
ratios (negative and positive) were presented with 95% confidence
intervals (CIs) for each estimated threshold. The ROC curves were
compared using DeLong et al method. Sensitivity, specificity, pos-
itive predictive values (PPVs), negative predictive values (NPVs),
and accuracy were compared 2-by-2 using test of proportions.

Sample Size Calculation

In this study, we performed a retrospective analysis from
a prospectively maintained database. All available complete
cases have been collected (n = 123). Consequently, we did not
perform a formal sample size calculation as required in pro-
spective trials. However before the study, a simulation of the
statistical power had been carried out according to our sample
size and relevant difference expected for the comparison of area
under curve (AUC)-ROC. With a type 1 error at 5% and 123
patients (40 and 83 for each compared group), an absolute dif-
ference equalling 0.12 could be highlighted.?®

RESULTS

Population Characteristics

Overall, 123 patients with CD were enrolled in this study,
including 40 patients with pure ileal CD (L1 group) and 83 pa-
tients with colonic (n = 28) or ileocolonic (n = 55) involvement
(L2-L3 group). The comparison of the baseline characteristics
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of the patients are detailed in Table 1. We observed older age at
diagnosis (29.1 + 15.5 years vs 21.2 £ 12.1 years; P = 0.001) and
older age at inclusion (40.3 * 16.7 years vs 33.3 £ 16.6 years;
P =0.014) in the L1 group compared with the L2-L3 group. In
addition, patients from the L1 group were more likely to have
complicated phenotype (B2 or B3 according to Montreal clas-
sification) than patients included in the L2-L3 group (80.0%
vs 51.8%; P = 0.011). The patients with colonic involvement
(L2-L3 group) were more likely to present with perianal le-
sions (35.0% vs 7.5%; P < 0.001), whereas a significantly
higher proportion of patients with pure ileal involvement had
a prior history of CD-related bowel resection (70.0% vs 43.4%;
P =0.007). The proportion of the patients with clinical activity
(HBI >4; 45.0% vs 48.2%; P = 0.85) and the mean CRP level
(7.2 £ 11.3vs 9.0 £ 11.8; P = 0.17) was not different between
the 2 groups. In contrast, we found a significantly lower median
level of Fcal in the L1 group compared with the L2-L3 group
(136.5 [47.4-324.3] vs 363.0 [83.0-813.0]; P = 0.025). We did
not observe any significant difference regarding the other char-
acteristics between the 2 groups such as gender, disease dura-
tion, smoking habits, and current medications (Table 1).

Fecal Calprotectin in Detecting Endoscopic
Ulcerations

Among the 40 patients with pure ileal CD, 16 patients pre-
sented with endoscopic ulcerations (40.0%). The median level
of Fcal was significantly higher in patients with endoscopic ul-
cerations compared with those with no endoscopic ulceration
(500 [201-959] vs 62 [21-154] pg/g; P = 0.025; Fig. 1). Using a
ROC curve (Fig. 2A), we determined the best threshold of Fcal
value to detect endoscopic ulcerations. The area under the curve
(AUC) was 0.89. We showed that a level of Fcal >200 pg/g was
the best cutoff value to detect endoscopic ulcerations in patients
with pure ileal CD, with a sensitivity of 75.0% (47.6-92.7), a
specificity of 87.5% (67.6-97.3), a positive predictive value of
80.0% (51.9-95.7), and a negative predictive value of 84.0%
(63.9-95.5; Table 2). We also looked at the usual cutoft value (ie,
Fcal >250 pg/g), and we found the following performances to de-
tect endoscopic ulcerations in the L1 group: sensitivity = 68.8%
(41.3-89.0), specificity = 87.5% (67.6-97.3), PPV = 78.6% (49.2—
95.3), and NPV = 80.8% (60.6-93.4; Table 2).

Overall, 83 patients were included in the L2-L3 group.
Among them, 44 patients (53.0%) presented with endoscopic ul-
cerations and had a higher median level of Fcal than those with
no endoscopic ulceration (691 [353-1883] ng/g vs 99 [24-300] pg/g;
P <0.001; Fig. 1). Using a ROC curve (AUC = 0.84; Fig. 2B), we
identified a value of Fcal above 250 pg/g as the best threshold to
detect endoscopic ulcerations in patients with colonic or ileocolonic
CD (sensitivity = 84.1%[69.9-93.4], specificity = 74.4%[57.9-87.0],
PPV = 78.7% [64.3-89.3], and NPV = 80.6% [64.0-91.8]; Table 2).

We did not find any significant difference between the
median level of Fcal between L1 group and L2-L3 group in
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patients with ulcerations (500 [201-959] vs 691 [353-1883]
ng/g, respectively; P = 0.40) or in those without endoscopic
ulcerations (62 [21-154] ng/g vs 99 [24-300] ng/g, respectively;
P = 0.25). Additionally, there was no significant difference
in the AUC between the 2 groups (0.89 vs 0.84 for L1 group
and L2-L3 group, respectively; P = 0.46). We also compared
the sensitivity, specificity, PPV, NPV, and accuracy and did
not observe any significant differences (comparisons between
Fcal >200 pg/g in ileal CD and Fcal >250 pg/g in colonic or
ileocolonic CD, and between Fcal >250 ng/g in ileal CD and
colonic or ileocolonic CD; Table 2).

Fecal Calprotectin in Detecting the Presence of
Endoscopic Lesions

In the 40 patients belonging to the L1 group, endoscopic
lesions were seen in 23 patients (57.0%). The median level of
Fcal was higher in patients with endoscopic lesions compared
with those with normal mucosa in endoscopy (291 [171-780]
ng/g vs 36 [17-70] ng/g; P < 0.001) (Fig. 3). Using a ROC curve
(AUC = 0.93; Fig. 4A), we found that an Fcal above 100 pg/g was
the best threshold to detect the presence of endoscopic lesions
(sensitivity = 87.0% [66.4-97.2], specificity = 82.4% [56.6-96.2],
PPV = 82.4% [66.4-97.2] and NPV = 82.4% [56.6-96.2]; Table 3).

Among the 83 patients with colonic or ileocolonic CD,
64 patients (77.1%) had endoscopic lesions. The median level
of Fcal was increased in patients with endoscopic lesions com-
pared with those with normal endoscopy (485 [209-925] ng/g vs
36 [17-103] pg/g; P <0.001) . Using a ROC curve (AUC = 0.83;
Fig. 4B), we observed that the best Fcal value to detect endo-
scopic lesion was 100 pg/g and above. The performances of this
threshold were as following: sensitivity = 84.4% [73.1-92.2], s;
specificity = 73.7% [48.8-90.9], PPV = 91.5% [81.3-97.2] and
NPV = 58.3% [36.6-77.9]; Table 3).

We did not find any significant differences between the
median level of Fcal between L1 group and L2-L3 group in pa-
tients with endoscopic lesions (291 [171-780] vs 485 [209-925]
pg/g, respectively; P = 0.48) or in those with normal mucosa
(36 [17-70] pg/g vs 36 [17-103] pg/g, respectively; P = 0.51). We
compared the AUC between the 2 groups, and we did not show
any difference (0.93 vs 0.83 for L1 group and L2-L3 group, re-
spectively; P = 0.17). We also compared the sensitivity, spec-
ificity, PPV, NPV, and accuracy, and we did not observe any
significant difference comparing these performances of Fcal
>100 pg/g in patients with ileal CD compared with those with
colonic or ileocolonic CD (Table 3).

DISCUSSION
In this study, we showed that Fcal demonstrated the same
accuracy to detect endoscopic ulcerations in patients with ileal
CD compared with those with colonic or ileocolonic CD. New
to this study is the identification of a lower cutoff value for pa-
tients with pure ileal (L1) CD.



Fecal Calprotectin in Ileal CD

Inflamm Bowel Dis  Volume 27, Number 7, July 2021

10000 > (%$°92) TT (%%0°0) 0 (%) u ‘wnpay
1000°0 > (%6°82) ¥T (%%0°0) 0 (%) U ‘uo[0d PIOWSIS/}Yo]
910°0 (%e€D) 11 (%%0°0) 0 (%) U “u0[0D BSIGASUBI],
910°0 (%E€D) 11 (%%0°0) 0 (%) u ‘uo[0d JYSIY
60°0 (%1'tT) 0T (%60°0%) 91 (%) u ‘wnary
61°0 (%60°€S) ¥t (%60°0%) 91 (%) u ‘uonerddMm Auy
¥€0°0 (%1°LL) ¥9 (%$°LS) €T (%) u ‘uorss[ Kuy
Kdoosopuyg
91°0 (%6°01) 6 (%S 1 (%) U ‘YSV-¢
8T°0 (41°0€) ST (%%0°02) 8 (o) u ‘sproiayg
LT°0 (41°81) ST (%s°L) € (%) U yexanI0IdN
w0 (€D T1 (%40°02) 8 (%) u ‘seunmdory [,
001 LT D1 (%60°0) 0 (%) u ‘qewnzijeyeN
L0°0 (%4$°02) L1 (%S°L) € (%) u ‘qewnzijopsp
99°0 (%9°¢) € (%09 T (%) u ‘Jogad qewnzij031)
$1°0 (%S +1) TI (%S°LD) 11 (%) u ‘qeunwiepy
00'T (%6°91) #1 (%SL1) L (%) u ‘qewrxrguy
QUI[ASeq Je SUOIIBIIPIN
§20°0 (0°€18-0°€8) 0°€9¢€ (€Y 'Ly) S9¢CT (YO1) uerpaw ‘(3/31) uryosjordied (803
LT°0 I F06 CITFTL ps F ueaw (/W) JYD
680 (%T'8) O (%%0°S¥) 81 (%) uysIgH
€L0 SECFLY LEFSY ps F uvow [gH
L00°0 (%b€p) 9¢ (%60°0L) 8T (%) U “uOI)OAsaI [BUNISAUI JOLIJ
10070 > (%60°$€) 6T (%S°L) € (%) U 'SUOIS3[ [RUBLId
(%€°61) 91 (%S'LD 11 (%) u‘eq
(%$°TE) LT (4$°TS) 1T (%) u‘zd
1100 (%T'8Y) O (%0°02) 8 (K u‘rg
uosﬂwsnwm
(%%0°0) 0 (%40°0) 0 (%) u‘p1
1000°0 > (%6£'99) §§ (%%0°0) 0 () ureT
10000 > (%L°€€) 8T (%%0°0) 0 (%) u‘T1
1000°0 > (%%0°0) 0 (%%0°001) Ot (%) u‘rT
GOENOOA
ﬁoﬁwouﬂwmﬁo Eobﬁoz
€L0 SIBAK Q' TT F 911 S1BA $°01 F §°01 uoneInp RSLISIJ
(%1°LL) 9 (4S°L9) LT (%) u IaowsuoN
(%S¥1) T1 (%570 6 (%) u “Ijows IAULIO]
64°0 (%t'8) L (%001 + (%) u ‘rxjows JuaLIn)y
syjiqey Sunjows
¥S°0 (%49°S¥) 9T (%S°LE) ST (%) u “ropuadg [N
¥10°0 S1B9K 9°91 F €'¢¢ SIBAA £9] F €°0F PS F uBdwW duIaseq e 83y
100°0 s1eak ['TI FT'IC SIB0K ST F 1'6C PS F ueawW sisouserp 1e o8y
€8 oy sjuened -oN
d ASLISIP S UYOI) IMUO[OIOIJ[I 0 IIUO[0)) ASLISIP S uyox) [ed[[

(€71 = u) ApMS siy1 Ul Paj|0Iu3 SIUSMe 3583SI S,UYOID BY1 JO SHNSLIRDeIRYD duljdseg *L 3791

1011



Buisson et al

Inflamm Bowel Dis  Volume 27, Number 7, July 2021

The main limitation of the previous studies of this
topic is that no statistical analyses were performed to di-
rectly compare the performance of Fcal to assess mucosal
healing in different phenotypes of CD,! !> 22 therefore
hindering meaningful interpretation for clinical application.
Schoepfer and colleagues reported in a cohort of 140 CD
patients (L1 =41, L2 = 26 and L3 = 73) the following corre-
lation coefficients of 0.649, 0.702, and 0.795 for the patients
classified according to Montreal classification as L1, L2 and
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FIGURE 1. Level of fecal calprotectin according to disease location and
presence of endoscopic ulcerations.
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L3, respectively, suggesting that the correlation was lower for
patients with pure ileal CD.!? In the same line, D’haens et al
observed among 87 CD patients that the correlation with the
endoscopic scores was higher after excluding the 25 patients
with pure ileal CD. However, these 2 studies did not perform
any statistical test to compare these coefficients to know
if this trend was statistically significant. In addition, the 2
available endoscopic scoring systems for CD (CDEIS and
SES-CD)*:2* often underestimate the severity of CD limited
to the ileum compared with CD reaching several ileocolonic
segments, thus highlighting the fact that the correlation with
endoscopic scores is probably not the best end point to ad-
dress this question.

Consequently, we designed our study to allow appro-
priate analyses (comparison between ROC curve and 2-by-2
comparisons of each performance). We decided to divide the
patients in only 2 groups (ie, L1 group and L2-L3 group) rather
than in 3 groups because this better reflects the point in ques-
tion for clinical practice. In addition, we chose the presence of
any endoscopic ulceration as a primary end point because it is
the definition of mucosal healing”? and allows for substantial
reproducibility.”’

We observed that our 2 groups had different clinical
characteristics, but this was expected because it is well un-
derstood that ileal CD has a higher risk of complications
leading to surgery and a lower probability of coexisting
perianal involvement.*® In addition, ileal CD may be asso-
ciated with more delayed diagnosis because of nonspecific
symptoms compared with the phenotype of CD in patients
with colonic involvement. According to previous studies,'*
17.22 patients with pure ileal CD have a lower mean level of
Fcal than those in the L2-L3 group. We previously showed

ROC curve AUC=0.84
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FIGURE 2. Receiver operating curves illustrating the performances of fecal calprotectin to detect endoscopic ulcerations in patients with ileal (2A)

and colonic or ileocolonic (2B) Crohn's disease.
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using a multivariate model that Fcal level is mostly influ-
enced by the presence of CD lesions (even nonulcerated) in
a depth-related manner and by the affected area.!” Although
it has been demonstrated that this discrepancy could be re-
lated to more extensive affected areas in patients with co-
lonic or ileocolonic CD,!” in our cohort it is probably due
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FIGURE 3. Level of fecal calprotectin according to disease location and
presence of endoscopic lesions.
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to the higher proportion of patients with endoscopic lesions
observed in the L2-L3 group compared with the L1 group
(77.1% vs 57.5%; P = 0.034).

Our results suggest for the first time that a lower cutoff
level of Fcal should be used to assess mucosal healing in pa-
tients with pure ileal CD. We identified a value of 200 pg/g and
above as the best threshold. Among the patients included in the
L2-L3 group, we found an optimal cutoff value of 250 pg/g,
which is the most consensual cutoff value used in practice.!® '
17 We reported very good performances of Fcal measurement
to assess endoscopic mucosal healing but did not observe any
significant difference in comparing its performances according
to disease locations regardless of the analysis (AUC, sensitivity,
specificity, PPV, NPV, or accuracy). However, we may underline
some interesting trends. For example, Fcal may be less sensi-
tive in patients with pure ileal CD (higher risk of normal Fcal
in case of ulcerated ileitis), which has been already suggested
by Gecse et al who found that even in the presence of large or
very large ulcers, patients with ileal CD may not have markedly
elevated Fcal level.? In contrast, we saw a slightly higher spec-
ificity (higher probability of normal Fcal value in absence of
ulceration) in patients belonging to the L1 group.

In our cohort, we identified the same cutoff value (Fcal
>100 pg/g) to detect the presence of endoscopic lesions in pa-
tients with CD regardless of the location. Interestingly, this
value is slightly higher than those usually retained to diagnose
IBD (Fcal >50 pg/g).3'-3 This discrepancy could be related to
the potential discrepancy between endoscopic assessment and
histological activity. We did not show any significant differ-
ence in comparing each performance between the 2 groups.
Surprisingly, we found a modest negative predictive value
(58.8%) in patients with colonic or ileocolonic CD. This result

ROC curve AUC=0.83

Sensitivity

0 0.2 0.4 0.6 0.8 1
1- Specificity

FIGURE 4. Receiver operating curves illustrating the performances of fecal calprotectin to detect endoscopic lesions in patients with ileal (A) and

colonic or ileocolonic (B) Crohn’s disease.
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has to be taken with caution owing to the low prevalence of
patients with normal mucosa in this subgroup (n = 19, 22.9%).

Besides variability across the type of assay** and special
situations such as early postoperative period,™ our findings
suggest that CD location should also be taken into account
when defining the best cutoff value of Fcal in the management
of CD patients. It could be necessary to use a lower threshold
to modify or not modify the treatments in isolated ileal CD
when applying treat-to-target strategy.

Our study is the largest cohort so far that directly com-
pares (primary end point) the performances of Fcal in patients
with pure ileal CD compared with patients with colonic or
ileocolonic involvement. In addition, the data were retrieved
from a prospectively maintained database. Nonetheless, there
are some limitations to this study. The patients were enrolled
from a referral center with likely more aggressive CD and a high
rate of bowel resection. In addition, we were not able to collect
detailed data on the percentage of affected areas in endoscopy,
which could have provided additional meaningful data.

In summary, we identified that Fcal has the same accuracy
to detect endoscopic ulcerations or the presence of endoscopic
lesions in patients with ileal CD compared with those with co-
lonic or ileocolonic CD. However, a lower cutoff value should be
used for patients with ileal CD to detect endoscopic ulceration.
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APPENDIX: STARD CHECKLIST

Section & Topic No Item Reported on page #
TITLE OR
ABSTRACT
1 Identification as a study of diagnostic accuracy using at least one measure of accuracy p-5
(such as sensitivity, specificity, predictive values, or AUC)
ABSTRACT
2 Structured summary of study design, methods, results, and conclusions (for specific guid- p-5
ance, see STARD for Abstracts)
INTRODUCTION
3 Scientific and clinical background, including the intended use and clinical role of the index test  p. 6
Study objectives and hypotheses p-7
METHODS
Study design 5 Whether data collection was planned before the index test and reference standard were per- p.7
formed (prospective study) or after (retrospective study)
Participants 6  Eligibility criteria p-7

©
N

7 On what basis potentially eligible participants were identified (such as symptoms, results
from previous tests, inclusion in registry)

8  Where and when potentially eligible participants were identified (setting, location and dates)
Whether participants formed a consecutive, random or convenience series
Test methods 10a  Index test, in sufficient detail to allow replication
10b  Reference standard, in sufficient detail to allow replication
11 Rationale for choosing the reference standard (if alternatives exist)
12a  Definition of and rationale for test positivity cutoffs or result categories of the index test,
distinguishing pre-specified from exploratory

TPV T VP
© o 0 0 =

12b  Definition of and rationale for test positivity cutoffs or result categories of the reference p-6
standard, distinguishing pre-specified from exploratory
132 Whether clinical information and reference standard results were available to the per- p-8
formers/readers of the index test
13b  Whether clinical information and index test results were available to the assessors of the p- 8
reference standard
Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy p-9
15  How indeterminate index test or reference standard results were handled NA
16  How missing data on the index test and reference standard were handled NA
17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory  p. 9
18  Intended sample size and how it was determined p-9
RESULTS
Participants 19 Flow of participants, using a diagram NA
20  Baseline demographic and clinical characteristics of participants See Table 1
2la  Distribution of severity of disease in those with the target condition See Table 1 and p. 9
21b  Distribution of alternative diagnoses in those without the target condition See Table 1 and p. 9
22 Time interval and any clinical interventions between index test and reference standard p.7
Test results 23 Cross tabulation of the index test results (or their distribution) by the results of the refer- p- 10 and 11
ence standard
24  Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) See Tables 2 and 3
25  Any adverse events from performing the index test or the reference standard NA
DISCUSSION
26 Study limitations, including sources of potential bias, statistical uncertainty, and generalisability — p. 14
27  Implications for practice, including the intended use and clinical role of the index test p.- 14 and 15
OTHER
INFORMATION
28  Registration number and name of registry p-7
29 Where the full study protocol can be accessed p.7
30  Sources of funding and other support; role of funders p-2
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