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Summary

Introduction/Aim: Fecal calprotectin (FCP) is an S100 protein bio-
marker used in diagnostic and monitoring algorithms of inflammato-
ry bowel diseases (IBD). The role of FCP is established in differentiat-
ing inflammatory from functional bowel diseases, predicting relapse
of IBD, and monitoring response to IBD therapy. The therapeutic
strategy “treat-to-target” includes the normalization of laboratory
biomarkers including FCP to attain mucosal healing (MH) as a result
of effective Crohn’s disease (CD) and ulcerative colitis (UC) treatment.
Our research aimed to assess the relationship of FCP values in IBD pa-
tients with endoscopic and histological scores of disease activity.

Material and methods: We performed a cross-sectional study at the
Clinic for Gastroenterohepatology, University Clinical Center of Ser-
bia, encompassing 223 diagnosed IBD patients (110 CD and 113 UCQ).
The concentration of FCP was analyzed from the first morning stool.
The endoscopic activity of IBD was evaluated using the endoscopic
Mayo score for UC, Simple Endoscopic Score (SES-CD) for CD, and Rut-
geerts score in case of a prior operation. The Geboes grading score
was used to evaluate IBD histological activity. Due to discontinuous
bowel involvement in CD, histopathological grading was limited.

Results: Our results did not identify any statistically significant rela-
tionship between FCP and histological scores in patients with Crohn's
disease (FCP median 950.98, PH median 3.57; p= 0.22). While FCP
values did not show a correlation with the Rutgeerts score, we did
observe a notable correlation between FCP and the SES-CD. In UC
patients, values of FCP strongly correlated with endoscopic and his-
tological grading (FCP median 1162.62, PH median 3.67; p = 0.011).

Conclusion: FCP has shown to be a useful and reliable biomarker for
assessing UC disease activity, while its applicability is restricted when
it comes to CD.
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INTRODUCTION

Fecal calprotectin (FCP) is a commonly used biomarker
of inflammation in the management of IBD (1, 2). It is
a cytosolic S100 protein distinguished by a heteromeric
two-subunit A8/A9 complex (1). Calprotectin as an in-
nate immune protein has antimicrobial properties affect-
ing immunomodulation (1, 3, 4). Namely, FCP is used to
distinguish inflammatory and functional bowel diseases,
predict relapse in IBD patients, and monitor treatment ef-
ficacy (1, S, 6). The concentration of FCP in stool samples
reflects the presence of calprotectin, which is released
during an inflammatory process by recruited immune
cells that infiltrate and damage the intestinal wall. Nev-
ertheless, the optimal cut-off values of FCP have been
controversial and vary among several measurement kits
(2,7).

Mucosal healing (MH) in IBD was highlighted in the
treat-to-target era, with the preferable use of noninvasive
biomarkers in everyday practice. Nevertheless, the eval-
uation of mucosal healing in Crohn’s disease (CD) and
ulcerative colitis (UC) is still based on colonoscopy and
histopathologic examinations. Current research data in-
dicate a strong association between the endoscopic grad-
ing of UC activity and FCP levels (7, 8). Furthermore,
the FCP value has been reported as a valuable predictor
of disease recurrence in UC patients and an important
marker for therapy algorithms (6, 7). Published data in-
dicate that endoscopically active CD can be identified by
elevated FCP with sensitivity of up to 97%, while speci-
ficity ranges from 45% to 98% (9).

Owing to the challenging scoring of Crohn’s disease
histologic activity, most studies have concentrated on ul-
cerative colitis (10). According to previous research, FCP
showed the ability to predict histological MH due to an
identified notable correlation with histological activity
in UC patients. The aim of our study was to investigate
the utility of FCP as an activity marker in Crohn’s disease
and ulcerative colitis.

MATERIAL AND METHODS

A cross-sectional research conducted at the Clinic for
gastroenterohepatology, University Clinical Center of
Serbia was in accordance with the Helsinki Declaration
and approved by the Ethics Committee (decision number
1393/12).

Patients

The study enrolled a total of 223 patients diagnosed with
IBD, including 110 cases of CD and 113 cases of UC. The
IBD diagnosis was determined by conventional clini-
cal, laboratory, endoscopic, and histological findings in
accordance with the European recommendations from

2019 (11). Out of 110 CD patients, 9 were intraoperatively
diagnosed.

Stool samples

Stool samples of the patient’s first-morning stool were
analyzed in the laboratory of the Clinic for Gastroentero-
hepatology. The concentration of FCP was determined
using an enzyme-linked immunosorbent assay (ELISA)
kit (Biihlmann Laboratories AG, Schénenbuch, Swit-
zerland). As per the manufacturer’s specifications, FCP
is less than 50 mg/kg in general population. The cut-off
value for elevated FC in our study was 200mg/kg.

Endoscopic and histological assessment of IBD
activity

All patients encompassed in our research underwent
colonoscopy with terminal ileoscopy using Olympus
endoscopes, specifically the CF-H180AL video colono-
scope with High-Definition Television (HDTV). Suc-
cessive intestinal biopsies were collected and separately
analyzed by a pathologist.

Endoscopic evaluation was performed using the Sim-
ple Endoscopic Score for Crohn’s disease (SES-CD) and
the endoscopic Mayo score for UC (13). The score values
were determined by experienced endoscopists. SES-CD
graded the extent of ulceration, inflammation, and steno-
sis in five defined sections of the bowel with values less
than 2 indicating remission, mild disease suggested by
the range 3 to 6, moderate nature ranging from 7 to 15,
and scores >15 representing severe endoscopic findings.
The postoperative risk of CD relapse was established
using the Rutgeerts score categorizing remission or dis-
ease recurrence (14). Endoscopic findings after ileocolic
anastomosis were described as remission in cases of le-
sion absence or less than S aphthous lesions (score 0-1),
while recurrence was denoted with more than S aphthous
or larger lesions, diffuse ileitis, or presence of ulcerations
and stenosis (score 2-4) (14). Endoscopic Mayo score in
UC cases assessed the colon for erythema, vascular mu-
cosa, vulnerability, lesions, and spontaneous bleeding
with values from 0 to 3 (13).

The histological activity of UC was evaluated using
Geboes scores ranging from 0 to 5.4 with elevated values
suggesting a more significant presence of chronic inflam-
mation. Although target biopsies of endoscopically active
CD were analyzed, grading by the Geboes system was
limited by the discontinuous nature of the disease.

Statistics

Data analyses were conducted using SPSS software ver-
sion 23 (Chicago, IL). The Gaussian distribution of vari-
ables was assessed using the Shapiro-Wilk test. Summa-
ry statistics were applied encompassing measures such
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as mean, median, and standard deviation. Spearman’s
corelation test was applied to investigate the association
between analyzed variables, with p-values < 0.05 consid-
ered statistically significant.

RESULTS

Features of the IBD patients included in our research are
outlined in Table 1.

Table 1. Characteristics of Study Participants

Subjects’ parameters CD ucC
(n=110) (n=113)
Age,y 37£11 44+ 14
Females, n (%) 53 (48.2) 55 (48.7)
Smoking, n (%) 44 (40.0) 39 (34.5)
IBD family history, n (%) 16 (14.5) 14 (12.4)
NSAID use, n (%) 25(22.7) 30(26.5)
FCP, mg/kg (median) 1200.0 2000.0
Localization of disease
"L1/°E1 (%) 32 (29.1) 18 (15.9)
I}:ij Zg gg 28(25.4) 35 (30.9)
50 (45.5) 60 (53.2)
Phenotype of disease 60 (54.5) 45 (39.8)
Zﬁ; 2212 ((‘2) 26 (23.6) 28 (24.8)
“B3/%S3 (%) 24 (21.9) 40 (35.4)

Localization of CD according to Montreal classification, L1— ileum,
L2—colon, L3—ileocolonicic; "Extent of UC according to Montre-
al classification, E1—ulcerative proctitis, E2—left side UC, E3—
extensive UC; “Behavior of CD according to Montreal classification,
B1— nonstricturing, nonpenetrating disease, B2—stricturing, B3—
penetrating.; Severity of UC according to Montreal classification,
S1—mild, S2—moderate, S3—severe. CD, Crohn’s disease; UC, ul-
cerative colitis; NSAID, non-steroid anti-inflammatory drugs

There was no notable statistical correlation observed
between the degree of histological activity in CD and lev-
els of fecal calprotectin (Figure 1). During our analysis of
the CD group of patients, we found a significant positive
correlation between the degree of endoscopic activity as-
sessed by SES-CD and FCP values (p = 4.9e-) (Figure
2). Nevertheless, our results did not find a correlation of
statistical importance regarding endoscopic activity in
operated CD patients and FCP (p = 0.7) (Figure 3)

In patients with UC, a significant correlation dis-
played in Figure 4 was detected between FCP and mu-
cosal histological activity (p = 0.011). Moreover, results
regarding the UC group of patients indicated a strong
correlation between fecal calprotectin and endoscopic
activity (p = 0.00013) (Figure 5), highlighting the im-
portance of FCP as an activity marker in UC.
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Figure 1. Correlation of FCP levels and histological activity in CD
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Figure 2. Correlation of FCP levels and endoscopic activity (SES-
CD score) in CD
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Figure 3. Correlation of FCP and Rutgeerts values in operated CD
patients

DISCUSSION

Calprotectin is an antimicrobial protein with elevated
values detected in a variety of immunological and im-
munopathological conditions (10). A significant over-
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Figure 4. Correlation of FCP values and histological activity in the UC
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Figure S. Correlation of FC values and endoscopic activity (eMayo
score) in the UC

lap between symptoms of functional and inflammatory
disorders has increased the colonoscopy rate. Hence,
non-invasive diagnostic markers are needed in everyday
clinical practice.

As early as 1997, Roseth et al. highlighted the utility
of FCP in IBD diagnosis with elevated values registered
in UC compared to controls (15). Nevertheless, consis-
tent challenges occurred across different research stud-
ies regarding variability in the sensitivity and specificity
of the FCP threshold. Published data such as studies by
Jensen MD et al. and Diamanti et al. indicated that the
interpretation of fecal calprotectin levels can be demand-
ing, underscoring the complex nature of diagnosing gas-
trointestinal disorders, especially IBD (16, 17). Possible
reasons for the diverse cut-off values of FCP in IBD might
be in different clinical settings and demographic and clin-
ical characteristics of IBD patient cohorts. Our study’s
threshold value of FCP was 200 mg/kg in IBD patients.

Examining the status of MH in individuals with IBD
is based on endoscopic and histologic activities. So far,
several scoring systems have been developed based on en-
doscopic and histopathologic findings. Furthermore, re-

cent studies reported a correlation between these scores
and FCP levels (10, 15, 18).

According to our results, we found a notable correla-
tion between FCP and the score of endoscopic activity in
the UC study group. Based on our findings, we have used
a suitable threshold for FCP in assessing endoscopically
active UC individuals. Furthermore, a strong correlation
was observed linking FCP and mucosal histological ac-
tivity in UC as evaluated by the Geboes grading system.
According to the outcomes derived from our study, FCP
represents an important and valuable biomarker in the
management of UC patients. These results align with
previous studies that have also demonstrated the impor-
tance of FCP in diagnosing and following disease activi-
ty in ulcerative colitis (10, 15, 18). Moreover, Hart L. et
al. and Mak WY et al. reported different FCP thresholds
for distinguishing endoscopically "silent” ulcerative coli-
tis (18, 19). Additionally, Schoepfer AM et al. found that
FCP had greater efficacy as an indicator of endoscopic ac-
tivity in ulcerative colitis in comparison with C-reactive
protein and clinical presentation of the disease (20)

The management of CD and postoperative courses
has a crucial role in optimizing long-term outcomes with
regular endoscopic evaluation for monitoring disease ac-
tivity. Nevertheless, the field of endoscopy faces signifi-
cant challenges in standardizing scoring systems for con-
sistent and reliable evaluation (21, 22, 23). The results of
our study did not observe the link between levels of FCP
and endoscopic activity in operated CD patients assessed
with a scoring system developed by Rutgeerts. Howev-
er, interpreting these results might be constrained due to
the small number of operated CD patients included in our
study. Nevertheless, SES-CD showed a notable correla-
tion with FCP in our CD study group. In line with our
results, Sipponen et al. showed a strong link between CD
endoscopic activity using CD Endoscopic Index of Sever-
ity and FCP, while suggesting FCP values of 200 pg/g as
a significant threshold for predicting endoscopic relapse
(21). In alignment with previous findings, Moein S. et al.
found FCP to be an important and applicable biomarker
in predicting endoscopic activity both in UC and CD pa-
tients (22).

The IBD histologic activity has also been associated
with FCP, but the majority of studies have been focused
on UC (23) So far, conducted studies have a relative-
ly low number of UC patients. Nevertheless, our study
included 223 IBD patients. Although we reported a cor-
relation between FCP and histologic activity in UC us-
ing the Geboes scoring system, CD histologic activity
showed no correlation with the values of FCP. However,
recently published research data reported that FCP can
be used as areliable predictor of histological remission in
IBD (10, 24).
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CONCLUSIONS

FCP represents a valuable non-invasive biomarker in the
routine clinical practice of IBD patients. The disease ac-
tivity in patients with UC is strongly linked with levels of
FCP. However, its application in CD is currently limited.

Future studies on IBD management should be focused on
investigating the monitoring ability of FCP in different
personalized therapy algorithms and its prognostic sig-
nificance in the disease course such as the need for hospi-
talization or surgery.

REFERENCE:

1.

10.

11.

12.

13.

ShiJT, Chen N, Xu ], Goyal H, Wu ZQ, Zhang JX, Xu HG. Diagnos-
tic Accuracy of Fecal Calprotectin for Predicting Relapse in Inflam-
matory Bowel Disease: A Meta-Analysis. ] Clin Med. 2023;12:1206.
doi:10.3390/jcm12031206.

Sakurai T, Saruta M. Positioning and Usefulness of Biomark-
ers in Inflammatory Bowel Disease. Digestion. 2023;104:30-41.
doi:10.1159/000527846.

Wakeman CA, Moore JL, Noto MJ, Zhang Y, Singleton MD, Prentice
BM, et al. The innate immune protein calprotectin promotes Pseudo-
monas aeruginosa and Staphylococcus aureus interaction. Nat Com-
mun. 2016 ;7:11951. doi 10.1038/ncomms11951.

Radin JN, Kelliher JL, Parraga Solérzano PK, Kehl-Fie TE. The
Two-Component System ArlRS and Alterations in Metabolism En-
able Staphylococcus aureus to Resist Calprotectin-Induced Manga-
nese Starvation. PLoS Pathog. 2016;12:e1006040. doi: 10.1371/jour-
nal.ppat.1006040.

Laserna-Mendieta EJ, Lucendo A]J. Fecal calprotectin in inflamma-
tory bowel diseases: a review focused on meta-analyses and routine
usage limitations. Clin Chem Lab Med. 2019;57:1295-1307. doi:
10.1515/cclm-2018-1063.

Bertani L, Mumolo MG, Tapete G, Albano E, Baiano Svizzero G,
Zanzi F, et al. Fecal calprotectin: current and future perspectives for
inflammatory bowel disease treatment. Eur ] Gastroenterol Hepatol.
2020;32(9):1091-1098. doi: 10.1097/MEG.0000000000001731.

Chen F, Hu Y, Fan YH, Lv B. Clinical Value of Fecal Calprotectin in
Predicting Mucosal Healing in Patients With Ulcerative Colitis. Front
Med (Lausanne). 2021;8:679264. doi: 10.3389/fmed.2021.679264.

D’Haens G, Ferrante M, Vermeire S, Baert F, Noman M, Moortgat L,
et al. Fecal calprotectin is a surrogate marker for endoscopic lesions
in inflammatory bowel disease. Inflamm Bowel Dis. 2012; 18:2218-
24. doi: 10.1002/ibd.22917.

Bohra A, Mohamed G, Vasudevan A, Lewis D, Van Langenberg DR,
Segal JP. The Utility of Faecal Calprotectin, Lactoferrin and Other
Faecal Biomarkers in Discriminating Endoscopic Activity in Crohn’s
Disease: A Systematic Review and Meta-Analysis. Biomedicines.
2023;11:1408. doi: 10.3390/biomedicines11051408.

Khaki-Khatibi F, Qujeq D, Kashifard M, Moein S, Maniati M,
Vaghari-Tabari M. Calprotectin in inflammatory bowel disease. Clin
Chim Acta. 2020 ;510:556-565. doi: 10.1016/j.cca.2020.08.025.

Maaser C, Sturm A, Vavricka SR, Kucharzik T, Fiorino G, Annese
V, et al. ECCO-ESGAR Guideline for Diagnostic Assessment in
IBD Part I: Initial diagnosis, monitoring of known IBD, detection
of complications. ] Crohns Colitis. 2019; 13:144-164. doi: 10.1093/
ecco-jcc/jjyll3.

Vermeire S, Van Assche G, Rutgeerts P. Classification of inflamma-
tory bowel disease: the old and the new. Curr Opin Gastroenterol.
2012; 28:321-6. doi: 10.1097/MOG.0b013e328354bele.

Burisch J, Jess T, Martinato M, Lakatos PL; ECCO -EpiCom. The
burden of inflammatory bowel disease in Europe. ] Crohns Colitis.
2013; 7:322-37. doi: 10.1016/j.crohns.2013.01.010.

14.

15.

17.

19.

20.

21.

22.

23.

24.

De Cruz P, Hamilton AL, Burrell KJ, Gorelik A, Liew D, Kamm MA.
Endoscopic Prediction of Crohn’s Disease Postoperative Recurrence.
Inflamm Bowel Dis. 2022;28(5):680-688. doi: 10.1093/ibd/izabl134.
Roseth AG, Aadland E, Jahnsen ], Raknerud N. Assessment of
disease activity in ulcerative colitis by faecal calprotectin, a nov-
el granulocyte marker protein. Digestion. 1997;58:176-80. doi:
10.1159/000201441.

. Jensen MD, Kjeldsen J, Nathan T. Fecal calprotectin is equally sensi-

tive in Crohn’s disease affecting the small bowel and colon. Scand ]
Gastroenterol. 2011;46:694-700. doi: 10.3109/00365521.2011.560680.

Diamanti A, Panetta F, Basso MS, Forgione A, Colistro F, Bracci F,
Papadatou B, Francalanci P, Torroni F, Knafelz D, Fina F, Castro M.
Diagnostic work-up of inflammatory bowel disease in children: the
role of calprotectin assay. Inflamm Bowel Dis. 2010;16(11):1926-30.
doi: 10.1002/ibd.21257.

. Hart L, Chavannes M, Kherad O, Maedler C, Mourad N, Marcus

V, et al. Faecal Calprotectin Predicts Endoscopic and Histological
Activity in Clinically Quiescent Ulcerative Colitis. ] Crohns Colitis.
2020;14:46-52. doi: 10.1093/ecco-jcc/jjz107.

Mak WY, Buisson A, Andersen MJ Jr, Lei D, Pekow J, Cohen RD, et
al. Fecal Calprotectin in Assessing Endoscopic and Histological Re-
mission in Patients with Ulcerative Colitis. Dig Dis Sci. 2018;63:1294-
1301. doi: 10.1007/s10620-018-4980-0.

Schoepfer AM, Beglinger C, Straumann A, Safroneeva E, Romero Y,
Armstrong D, et al. Fecal calprotectin more accurately reflects endo-
scopic activity of ulcerative colitis than the Lichtiger Index, C-reac-
tive protein, platelets, hemoglobin, and blood leukocytes. Inflamm
Bowel Dis. 2013; 19:332-41. doi: 10.1097/MIB.0b013e3182810066.
PMID: 23328771.

Sipponen T, Savilahti E, Kolho KL, Nuutinen H, Turunen U, Fark-
kila M. Crohn’s disease activity assessed by fecal calprotectin and
lactoferrin: correlation with Crohn’s disease activity index and en-
doscopic findings. Inflamm Bowel Dis. 2008; 14:40-6. doi: 10.1002/
ibd.20312. PMID: 18022866.

Moein S, Qujeq D, Vaghari Tabari M, Kashifard M, Hajian-Tilaki
K. Diagnostic accuracy of fecal calprotectin in assessing the severity
of inflammatory bowel disease: From laboratory to clinic. Caspian
J Intern Med. 2017;8(3):178-182. doi: 10.22088/cjim.8.3.178. PMID:
28932369.

Walsh AJ, Bryant RV, Travis SP. Current best practice for dis-
ease activity assessment in IBD. Nat Rev Gastroenterol Hepatol.
2016;13(10):567-79. doi: 10.1038/nrgastro.2016.128.PMID: 27580684.

Zittan E, Kelly OB, Kirsch R, Milgrom R, Burns J, Nguyen GC, et
al.Low Fecal Calprotectin Correlates with Histological Remission
and Mucosal Healing in Ulcerative Colitis and Colonic Crohn’s
Disease. Inflamm Bowel Dis. 2016;22(3):623-30. doi: 10.1097/
MIB.0000000000000652. PMID: 26829408.

139



Medicinska istraZivanja 2023; 56(4):35-40

DA LI JE FEKALNI KALPROTEKTIN POUZDAN MARKER KOD INFLAMATORNIH

BOLESTI CREVA?

Sanja Dragasevic'?, Milica Stojkovic¢ LaloSevi¢t?, Andreja Nikolic!, Nikola Panic¢?3, Vladimir Milivojevi¢*?

Sazetak

Uvod/Cilj: Fekalni kalprotektin (FCP) je S100 protein
koji se koristi kao biomarker u algoritmima dijagnostike
i pracenja inflamatornih bolesti creva (IBC). FCP ima ulo-
gu u diferencijaciji inflamatornih od funkcionalnih bole-
sti creva, predikciji relapsa IBC i pracenju odgovora na
IBC terapiju. Terapijska strategija “treat-to taget” za IBC
podrazumeva i normalizaciju laboratorijskih biomarkera
uklju¢ujuci FCP u cilju postizanja mukoznog zaceljenja
kao rezultata efikasnog lecenja Kronove bolesti (KB) i
ulceroznog kolitisa (UK). Cilj rada je ispitivanje korelacije
vrednosti FCP sa endoskopskom i histoloskom aktivno-
sti bolesti kod pacijenata sa IBC.

Metodologija: U studiju preseka koja je sprovedena na
Klinici za gastroenterohepatologiju Univerzitetskog Kli-
ni¢kog Centra Srbije uklju¢eno je 223 IBC pacijenta (110
KB, 113 UK). Nivo vrednosti FCP detektovane su iz uzorka
prve jutarnje stolice. Endoskopska aktivnost odredena

je primenom endoskopskog Mayo skora za UK'i Pojed-
nostavljenog Endoskopskog skora za KB (SES-CD) . Rut-
geerts skor je koris¢en kod prethodno operisanih KB
pacijenata. Histoloska aktivnost opisana je primenom
Geboes grading sistema. Primena histoloskog skoring si-
stema u KB je limitirana diskontinuiranom lokalizacijom
u crevu.

Rezultati: Nije uocena statisticki znacajna korelacija iz-
medu FCP i histoloske aktivnosti KB (FCP median 950.98;
PH median 3.57, p= 0.22). Znacajna korelacija detektova-
na je izmedu FCP i endoskopske aktivnosti KB, dok je ista
izostala sa Rutgeerts skorom. FCP je znacajno korelisao
sa histoloskom i endoskopskom aktivnosti kod UK (FCP
median 1162.62; PH median 3.67, p = 0.011).

Zakljucak: FCP je prakti¢an, neinvazivan marker u pro-
ceni endoskopske i histoloske aktivnosti kod pacijenata
sa UK, dok postoji limitiranost primene kod KB.

Kljucne reci: fekalni kalprotektin, ulcerozni kolitis, Kronova bolest
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