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ARTICLE INFO ABSTRACT

Keywords: Aim: Serum calprotectin (SC), a novel biomarker of inflammatory bowel diseases (IBD), has been recently in-
Serum calprotectin ) vestigated with conflicting results. The purpose of this study was to assess the ability of SC to predict relapse in
Inflammatory bowel diseases IBD patients treated by biologic therapies, and to evaluate the correlation between SC, clinical and endoscopic

Crohn’s disease

. . relapse and other biomarkers as fecal calprotectin (FC) and C-reactive protein (CRP).
Ulcerative colitis

Relapse Methods: All consecutive IBD patients in deep remission (clinical, endoscopic or imaging remission) were followed
Mucosal healing> 12 months in this prospective study. Blood and stool samples were collected for SC, serum CRP and FC. SC was
Fecal calprotectin measured the day of inclusion (baseline, DO), 3 months (M3) and at 6 months (M6) or during the study period for
C reactive protein clinical relapse. Relapse was defined as clinical, biomarkers, or endoscopic/imaging activities. Evolution of SC
was quantified before relapse to analyze a predicting value of loss of response (LOR). SC for patients with active
IBD and those with symptoms without inflammation were also compared.
Results: Among the 119 patients included, 54 (46.4%) patients experienced a disease relapse during follow-up.
Median SC levels did not increase in patients with clinical relapse (3.15 pg/ml at baseline, 3.38 pug/ml at M3,
3.33 pug/ml at M6 and 3.99 pug/ml in case of relapse (p = 0.63)). SC were compared during relapse in patients with
endoscopic remission but clinical symptoms defined as secondary Irritable Bowel Syndrome (IBS). SC levels were
higher in active IBD and similar between the groups of patients with IBS or deep remission (3.05 pg/ml IBS vs
2.99 ng/ml remission vs 5.1 ug/ml for clinical relapse, p = 0.04). In patients with clinical symptoms, SC presents
a good predictive value for relapse (AUROC 0.764, IC95: 0.68-0.88), with a sensitivity of 72%, a specificity of
77%, using a cut-off value of 4.45 ng/ml. A weak, but significant correlation was found between SC and FC levels
(r=0.35, P = 0.001). A combined score with CRP, FC and SC is not efficient to improve IBD diagnostic.
Conclusion: SC was significantly higher in patients with clinical relapse compared to those with endoscopic
remission with or without clinical symptoms. SC allow to discriminate patients with active IBD or with IBS but
failed to predict relapse.

Abbreviations: SC, serum calprotectin; FC, fecal calprotectin IBD, Inflammatory bowel disease; CRP, C reactive protein; CD, Crohn’s disease; PPI, Pomp proton
inhibitor; NSAI, Non steroidal anti inflammatory; LOR, loss of response; LF, fecal lactoferrin; PNN, Neutrophil polynuclear; PPV, predictive positive value; PNV,
Predictive negative value.
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Introduction

Mucosal healing has been emphasized as a therapeutic target in IBD.
In Crohn’s disease (CD), mucosal healing has been reported as the op-
timal parameter associated with sustained clinical remission, reduced
disease related hospitalization rates and risk of surgery [1]. Although
endoscopy is the gold standard to evaluate mucosal healing [2], its inva-
siveness with potential risk and low patient’s acceptability substantially
limit its clinical utility. Hence, the development of more convenient and
non-invasive tools capable to assess mucosal healing remains of high in-
terest.

Biomarkers are widely used in IBD to measure intestinal inflamma-
tion. Fecal calprotectin is widely measured in IBD patients and plays
a critical role in the management of treatment [3]. Recently, Pouillon
et al. reported the usefulness of fecal calprotectin (FC) during the follow-
up of IBD [4]. This was supported by the CALM study conducted by
Colombel et al., in which treatment escalation with anti-TNF therapy
based on inflammatory biomarkers (including FC) combined with clini-
cal symptoms, resulted in better mucosal healing than symptom-driven
decisions alone in CD patients [5]. In the last STRIDE recommenda-
tions, normalization of FC was sustained as an objective for remission
in IBD [6]. Moreover, it was also shown that FC increases more than 3
months before clinical relapse [7]. Even if FC is more acceptable than
endoscopy, its acceptability remains still relatively low [8] and its mea-
surement heterogeneity a non-negligible issue [9]. An intra-individual
heterogeneity in FC during the day has been also reported in active
ucC [10].

Identification of new systemic inflammatory biomarkers such as SC,
could be an interesting issue. The value of SC has been previously de-
scribed in rheumatological diseases [11]. Recently, SC has been also
described as a predictive marker of COVID-19 severity [12] and for lym-
phoma and cardiovascular disease [13,14]. Combination of SC with CRP
may also reflect inflammatory disease activity in patients with rheuma-
toid arthritis [15]. Only few studies have investigated the value of SC
in IBD patients with conflicting results. Kalla et al. reported that SC was
significantly increased in IBD compared to controls [16]. Meuwis et al.
showed a significantly higher SC level in CD compared to controls [17].
Suarez Ferrer et al. reported that the level of SC was well correlated
with endoscopic disease severity in UC, but not in CD [18]. Therefore,
the performance of SC in reflecting disease activity of IBD needs fur-
ther investigation. To date, any study have evaluated the evolution of
SC before clinical relapse to predict loss of response.

In this prospective study, we aimed to evaluate evolution of SC in
IBD patients in deep remission at the inclusion, and under biologic treat-
ment. Utility of SC to predict secondary LOR and IBS was also assessed.
Finally, correlation between SC, FC and CRP were measured.

Methods
Patients and design of the study

This is a prospective study of consecutive patients recruited in the
IBD Unit of the University Hospital Center of Saint Etienne between
June 2017 and June 2018. Patients were part of the CNIL cohort (n°
1,849,323), and all were informed and accepted by written consent to
participate in the study. To be included, patients had to be in deep remis-
sion (defined by clinical with endoscopic or Magnetic Resonance Imag-
ing (MRI) healing) for at least three months, with a diagnosis of IBD
for more than twelve months and followed in the IBD center of Saint
Etienne, France. Patients are under biologic treatment, with stable dose
for at least 6 months. Exclusion criteria were patients younger than 16
years old, patients with any type of inflammatory arthritis, patients with
active or recent neoplasia, pregnancy, patients with recent surgery not
directly related to the IBD, patients with a recent abdominal surgery,
(<6 months), patients with chronic infection like tuberculosis, with in-
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fectious diarrhea or due to antibiotherapy, exclusive ano-perineal dam-
ages, recent use of non-steroidal anti-inflammatory drugs (NSAID), pa-
tients under treatment that can disturb fecal calprotectin level (Proton
pump inhibitor, NSAID), and patients with poor adherence to treatment.
(less than two meetings during one year). For all the included patients,
clinical activity score was evaluated every 3 months for Adalimumab
(ADA) or Ustekinumab (UST) and every 2 months for Infliximab (IFX)
or Vedolizumab (VDZ). At least every 3 months, patients had blood and
stool samples performed at each time. Patients were followed during
12 months or until relapse (Supplementary Fig. 1). When patients pre-
sented sign of clinical relapse with normal biomarkers, an imaging or
an endoscopy had to be performed in less than 1 month.

Definition and outcome

Clinical remission was defined by a CD activity index (CDAI)
[19] <150 for CD and a total Mayo score <3 for ulcerative colitis. Mu-
cosal healing was defined if Simple endoscopic score for CD (SESCD)
was under 3 or absence of sign of activity (absence of ulcers, edema,
strictures, fistula) or simplified MARIA<1 using Magnetic Resonance En-
terography (MRE) for CD or when endoscopic mayo score was under 2
for UC [2]. Deep remission was defined by clinical and endoscopic or
imaging mucosal healing. Relapse during follow-up was defined for CD
by a CDAI>220, with simplified MARIA score>1 [20] or SESCD>4 and
for UC with a Mayo total score>5 with an endoscopic Mayo score>1.
Levels of SC, FC and CRP were measured during this follow-up, and
either endoscopic or imaging evaluation. Results of these biomarkers
were compared according with loss of response or not during the end
the follow-up at the end of the study. IBS has been defined as patients
with clinical symptoms, defined by CDAI>220 or Mayo score>1, or with
mucosal healing (CRP<5, FC<250). To differentiate this group from clin-
ical relapse, biologic, endoscopic or imaging parameters were used. IBS
was defined as patients with normal parameters.

Measurement of biomarkers

Serum used for SC assay were stored at —20 °C. Blood samples have
been collected in vacutainer serum tubes and at least one hour after col-
lecting, then centrifuged for 10 min at 10,000 rpm. SC levels were mea-
sured according to the manufacturer’s instructions using the MRP8/14
ELISA kit using a monoclonal capture antibody highly specific to the
MRP8/14 (calprotectin) complexes which do not bind monomer MRP8
or MRP14 (Buhlmann, Switzerland). Ultrasensitive CRP was measured
using Roche reagents. Measurements of SC were blinded between clini-
cal activity and immunology unit. During a flare, the SC value used was
the last sample made before relapse.

Statistical analysis

Continuous variables were reported as the mean with their corre-
sponding standard deviations (SD) or median with interquartile ranges
(IQR) and compared using student test or Wilcoxon-Mann-Whitney test.
Categorical variables were reported as percentage and compared using
the y2 test or Fisher’s test as appropriate. Performances diagnostic of
serum calprotectin, fecal calprotectin and CRP were evaluated by Re-
ceiver Operating Characteristic (ROC) curves. The optimal cut-off pre-
dicting relapse was determined for each of these biomarkers using the
Youden test. The relationship between variables were evaluated using
Pearson correlation coefficient. The statistically significance was con-
sidered when P<0.05. Median SC values for clinical relapse and deep
remission in IBS were compared with a Kruskal-Wallis test. All statisti-
cal analysis were performed using R, version 3.2.2 (R project, Auckland,
New Zealand).
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Table 1
Patient’s characteristics at baseline.
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Table 2
Diagnostic accuracy, sensitivity and specificity of biomarkers to predict relapse.

Characteristics Total population (n = 119)

Serum calprotectin Fecal calprotectin CRP

Median age (years) [IQR]
Female (N,%)
Male (N,%)

38 [28.5 - 50]
59 (49.6%)
60 (50.4%)

Median weight (kg) [IQR] 71 [63 - 80.2]
Crohn (N,%) 75 (63%)
Ulcerative colitis (N,%) 44 (37%)
Duration of follow up (month) [Median, IQR] 7.3 [2.8-16]

13 (10.9%)
100 (84%)

Combotherapy (N,%)
Monotherapy (N,%)

ADALIMUMARB (N, %) 4 (3.4%)
INFLIXIMAB (N, %) 90 (75.6%)
USTEKINUMARB (N, %) 3 (2.5%)

VEDOLIZUMAB (N, %)
AZATHIOPRINE (N, %)

17 (14.3%)
13 (10.9%)

METHOTREXATE (N,%) 1 (0.8%)
Mean albumine (g/1) 41.9 (+ 5.5)
Protein C reactive (mg/dl) (median, IQR) 2.2 [0.8-5]
Disease duration(years) (Mean, SD) 3.3+/-1.5
PhénotypeAl (N,%) 10(14%)
A2 (N,%) 57 (76%)
A3 (N,%) 6 (10%)

L1 (ileal) (N,%) 24(36%)

L2 (colonic) (N,%) 12(16%)

L3 (ileo-colonic) (N,%) 38(50.7%)

L4 (upper gastro-intestinal) (N,%)
B1 (luminal) (N,%)

B2 (stenosis) (N,%)

B3 (fistulizing) (N,%)

P (perineal) (N,%)

13(17.3%)
34(45.3%)
27(36%)

17(22.7%)
17(22.7%)

E1 (N,%) 4(13%)
E2 (N,%) 17(39%)
E3 (N,%) 21(48%)
Results

Population characteristics

Patients’ characteristics are summarized in Table 1. One-hundred
and thirty-five patients were screened and 16 were excluded. Finally,
119 patients (59 females) were included with a median age of 38 years.
Among them, 75 (63.3%) had a CD and 44 (36.7%) an UC. 489 blood
and fecal samples were obtained and analyzed. 4 samples in one year
were obtained for 93.3% patients. (111 patients). Five patients had 3
samples and 6 patients had 5 samples.

Measure of SC, FC and CRP evolution during clinical relapse

During follow-up, 54 patients (54/119, 46.4%) experienced relapse
with a median time of 7 months (IQR, 6-10 months). SC median values
in UC and CD patients were not statistically significant. During follow-
up, no change of SC levels was observed prior and/or at the time of
disease relapse in the 54 patients with active disease (Fig. 1). The me-
dian SC levels did not differ whatever the time-points considered during
the follow-up at baseline, 3 months, 6 months and at the time of relapse
3.15 pg/ml [IQR 2044 - 53271, 3.38 pug/ml, 3.33 pg/ml and 3.99 pg/ml
[IQR 2075 - 5264] respectively (p = 0.63). Conversely, the median FC
levels were gradually increasing in patients who relapsed within the pe-
riod of follow-up from 26 pg/g at baseline to 105 pg/g, at 3 months,
177 ng/g at 6 months and 292 pg/g at the time of relapse (p = 0.049
between baseline and time of relapse). Finally, serum CRP levels fluc-
tuated during the follow-up, but a significant difference of median CRP
levels was measured between CRP at baseline and at the time of relapse
(1.5 mg/L vs 3.3 mg/L, respectively; p = 0.008). However, median CRP
levels remains normal under 5 mg/1.

Interest of SC to predict clinical relapse during follow-up

Higher levels of SC were observed in patients with clinical relapse
(4.1 pg/ml vs 3.02 pg/ml, p = 0.09) (Fig. 2A). This difference was main-
tained during the follow up and at the end of the study.
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AUC 0.764 (0.68-0.88) 0.86 (0.76-0.96) 0.74 (0.64-0.84)
sensitivity 0.72 0.76 0.6
specificity 0.77 0.86 0.79

Use of SC to differentiate secondary IBS and IBD relapse

40 patients have presented symptoms during follow-up of activity
without any sign of inflammation (25 CD and 15 UC). SC median val-
ues was similar between IBS and patients in clinical remission but sig-
nificantly higher in patients in clinical relapse (3.05 pg/ml for IBS vs
2.99 pg/ml for remission vs 5.11 ug/ml for relapse, p = 0.03) (Fig. 2B).
The AUROC for SC to predict clinical relapse was 0.764 (IC95, 0.68-
0.88), giving a sensitivity of 72% with a specificity of 77%, using a
cut-off value of 4.45 ug/ml determined by a Youden test (Fig. 3).

Respective diagnosis accuracy of SC, FC and CRP to predict relapse in
patients with clinical activity

The AUROC for FC was 0.86 (IC 95, 0.76-0.97) to predict clinical
relapse. FC cut-off value of 100 pg/g was optimal to discriminate be-
tween relapse and not, with a sensitivity of 76% and a specificity of
86% (Table 2). The performance of CRP to predict relapse in our cohort
was intermediate, with an AUROC of 0.73 (IC95, 0.60-0.85). The best
cut-off value for CRP has been determined as 1.45 mg/L giving a sensi-
tivity of 60% and a specificity of 79%. Using a mixed score combining
SC, FC and CRP to predict relapse, the accuracy was not improved with
a sensitivity of 22.9%, a specificity of 97.5%, a VPP of 72.7%, and a
VPN of 81.4% (Fig. 4).

Relationships between SC, FC and serum CRP levels and clinical dis-
ease activity (Table 3). Using a total of 489 serum samples, the cor-
relation between SC concentrations and disease activity was analyzed
using samples matched with clinical disease activity measured at dif-
ferent time points. The correlation between SC and disease activity was
0.44 (p = 0.006). A weak but significant correlation between FC and SC
was observed with a Pearson coefficient of 0.35 (p < 0.001). The corre-
lation between SC and CRP was even lower with a Pearson measured at
0.24. The correlation with increase of white blood cell count was also
weak (r = 0.37).

Discussion

We report here the first study that evaluates the prognostic utility of
periodic monitoring of SC in patients with quiescent IBD at baseline and
to evaluate its diagnostic accuracy to predict clinical relapse. SC was un-
able to effectively predict clinical relapse in our cohort. No change of SC
levels was observed in patients who experienced a relapse in comparison
to patients in clinical remission.

Conversely, a significant increase of FC was observed before the oc-
currence of a clinical relapse. De Vos et al. previously showed an in-
crease of FC 3 months before relapse [21]. Likewise, Garcia Sanchez
et al., also reported a good predictivity of FC before relapse in IBD pa-
tients with a significant increase of FC in the 30% of patients who further
relapse [22]. Monitoring of SC seems to not be very useful to predict re-
lapse.

In IBD patients with endoscopic or imaging remission with persistent
IBS symptoms, SC was not different than SC of patients with remission
and was significantly lower than SC of patients with clinical relapse
(p = 0.04). Moreover, sensitivity and specificity using a specific cut-off
was quite good to distinct these two patient populations (72% and 77%
respectively).

SC should be better than CRP to detect relapse but less interesting
than FC. Indeed, FC has low acceptability and most of patients prefer
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Fig. 1. Evolution of median serum calprotectin (A), fecal calprotectin (B), CRP (C), during follow-up (at inclusion, 240 days, 120 days and 30 days before relapse)
for patients during clinical relapse. SC didn’t increase before relapse whereas CRP and FC increased before relapse.
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Fig. 2. (A) Comparison of median serum or fecal calprotectin between patients with remission and clinical relapse. SC was significantly higher at inclusion between
patients who will relapse and those who will stay in remission but didn’t increase in each group at the end of follow-up (B) Median serum calprotectin in patients in
deep remission, with IBS symptoms and with clinical relapse during follow-up. Median SC was significantly higher in active patients compared to patients in clinical
remission and those with IBS symptoms.

Table 3
Correlation between SC and disease activity, FC and CRP by Pearson analysis.
SC and disease activity ~ SC and FC SC and CRP
Coefficient of correlation 0.43 (p = 0.006) 0.35 (p<0.001) 0.24 (p = 0.02)

Finally, the correlation between SC and disease activity defined as
clinical and endoscopic or MRE score were alsomeasured. SC and FC
levels were higher in clinically active disease when compared with in-
active IBD. However, a low correlation was found between FC and SC
and between CRP and SC. Such correlation between SC and disease ac-

to have blood sample than fecal collection. To date, any reliable and
validated serum biomarker is available to accurately predict relapse in
IBD [7]. Moreover, it has been shown an important heterogeneity in FC
values depending on the quality of the sampling and assay used [8],
even if, this point has to be confirmed by prospective study.

36



P. Veyrard, X. Roblin, C. Pansart et al.

Clinical Immunology Communications 2 (2022) 33-38

s 6 P R 207-528) 3,254(10R 2,04- 5,32) 2 600 - 292(0R 172-582)
25 - =
c c 500 A
S 4 A =
3 & 400 -
2 3| 3
S o 300 A
®© 9 ©
(@] O 200 -
| ® .
5 1 S 100 17 5(GR 7-27)
@ w
n 0 Time (days) 0 v Time (days)
mclision 240 120 0 Relspse Inclusion 240 120 30 Relapse
10 4
9 o
— 8 1
5 [ 33 (R 1,652
g 5 .3 ( ,6-5,2)
= 54 1320aR 02-3,1)
4]
(@]
3 |
2 4
1 4
0 Time (days)
Inclusion 240 120 30 Relapse
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Fig. 4. Correlation between serum calprotectin and fecal calprotectin.

tivity has already been reported with discordant results. Kalla et al.,
who evaluated SC levels in a total of 156 patients [16] reported that SC
concentrations strongly correlated with FC concentrations and were the
strongest predictor of IBD diagnosis in comparison with other biomark-
ers such as C-reactive protein (CRP) and albumin. In our study, corre-
lation between SC and FC was relatively weak. In a prospective study,

37

Mc Cann et al., have evaluated the role of SC in patients with various
gastrointestinal disorders, including IBD or patients with chronic diar-
rhea [23]. They failed to detect any significant correlation between SC
and FC or between SC and CRP. However, the enrolled population was
more heterogeneous and substantially different from our study regard-
ing inclusion criteria.
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FC has already been shown to correlate with disease activity and it
can be used to accurately predict disease activity in IBD patients [24].
Recently, Bertani et al. found that FC measured at 8 weeks was associ-
ated with mucosal healing at one year [25]. In our study, a significant
correlation was observed between FC and SC. However, the diagnosis
accuracy was measured also in patients who achieved a deep remission
(endoscopic or imaging remission), which differ from the study of Kalla
et al. [16].

Fukunaga et al., were also partially consistent with our findings
[26]. Indeed, they reported a close correlation between FC, endoscopic
and clinical disease activities and biomarkers (albumin and CRP), but
failed to detect any correlation with SC. However, patients with both UC
and CD had higher neutrophil and monocyte/macrophage calprotectin-
positive cell expression levels, compared with those in non-IBD controls.
In our study, a weak correlation between SC and CRP was also measured
(Pearson coefficient of 0.24).

S100A8 and S100A9 alarmins, representing ~45% of the cytoplasmic
proteins in neutrophils, are released under inflammatory conditions and
form a stable heterodimer known as “calprotectin”. This heterodimer
promotes cell migration and boosts NADPH (nicotinamide adenine din-
ucleotide phosphate) oxidase activity. Calprotectin is a TLR4 and RAGE
(receptor for advanced glycation end products) ligand that, upstream
of tumor necrosis factor alpha (TNF-a) [27] and CXCL8 [28] synthesis
and secretion, promotes NF-«B activation [29] and secretion of multiple
inflammatory proteins, such as IL-6 [30]. Its production may be ampli-
fied by tissue damage, generating a harmful hyperinflammation loop
[27] that precludes these peptides from exerting more protective func-
tions [31-33]. Factors associated with an increase of SC in our study
were analyzed. No correlation was observed between CRP and SC. A
weak correlation with an increase of white blood cell count was mea-
sured (r = 0.37). At this stage, we can’t associate inflammatory markers
with an increase of SC in our cohort.

The major strength of our study is its prospective design and the high
number of analyzed samples. It is also the first study which investigated
the performance and accuracy of SC to predict relapse of IBD patients
in clinical remission or with IBS symptoms. Our study has also some
limitations, including findings from a single center, and the definition of
mucosal healing could be also based on endoscopy or imaging. However,
the Stride consensus recommends MRE as an accurate tool to evaluate
deep remission in CD.

In conclusion, an increase of SC is associate to clinical and endo-
scopic activity. Moreover, SC could be useful to oppose active IBD and
IBS in patient with clinical activity of IBD. However, SC seems to not in-
crease during the follow-up of IBD patients in clinical remission before
clinical relapse. However, this marker remains an alternative of choice
in view of its simplicity of use and the homogeneity of these determina-
tions, unlike FC for example.
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