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ABSTRACT

Introduction: simple, reliable and non-invasive biomarkers are needed to enable the

early detection of inflammatory activity for the correct management of inflammatory

bowel disease (IBD). One of these biomarkers may be serum calprotectin (SC).

Material and methods: a prospective study was performed of patients with IBD due to

undergo a colonoscopy as part of the common clinical practice. The study parameters

included SC, fecal calprotectin (FC) and conventional blood test parameters. Clinical

indices (Harvey and Walmsley) and relevant endoscopic scores were completed for

each scenario (Simple Endoscopic Score Crohn Disease [SES-CD] and Mayo).

Results: fifty-three patients were included in the study, 51% (27 patients) with

ulcerative colitis (UC) and 49% (26 patients) with Crohn’s disease (CD). The CS values in

UC were significantly higher with an endoscopic Mayo score 2/3 (median score 10.39

mg/ml [IQR: 7.4-12.2]) compared to those with a Mayo score of 0/1 (median 4.07

mg/ml [IQR: 2.9-7.2]) (p = 0.01). The area under the ROC curve (AUCROC) was 0.85 and



the sensitivity and specificity were 83.3% and 81.25%, respectively, for a SC cut-off

point of 4.4 mg/dl. Furthermore, a higher AUCROC was obtained in comparison with

other serological markers for activity (C-reactive protein [CRP], erythrocyte

sedimentation rate [ESR], hemoglobin [Hb] and platelets). There were no statistically

significant differences in the comparison between SC and endoscopic findings in CD

(SES CD > 3: 20.1 [IQR: 16.8-23.4] vs SESC ≤ 3:6.25 [IQR: 5.4-7.1]) (p = 0.8).

Conclusions: SC is a good indirect marker of inflammatory activity and there was a

correlation with endoscopic findings in UC. However, there were no statistically

significant differences in the case of CD.

Key words: Inflammatory bowel disease. Fecal calprotectin. Serum calprotectin. IBD

biomarker.

INTRODUCTION

The classic treatment approach for inflammatory bowel disease (IBD) was based on

controlling symptoms and scaling treatment up and down, mainly based on the clinical

condition (1,2). In the long term, this approach does not alter the natural course of the

disease and does not prevent the appearance of complications and/or development

into more aggressive forms of the condition. Furthermore, a high percentage of

patients, around 40% in the case of Crohn’s disease (CD) and 30% in ulcerative colitis

(UC), may have inflammatory activity despite remaining asymptomatic (3,4). Thus, the

condition needs to be managed using therapeutic targets other than those based

exclusively on clinical practice, including analytical markers and image testing.

Although ileocolonoscopy is the gold standard, it is an invasive and expensive

procedure with possible complications (3-5).

There are biological markers for the assessment of inflammatory activity. In general,

biological markers are more specific than clinical indices, less expensive and more

comfortable than endoscopic monitoring. The most commonly used serum marker is

C-reactive protein (CRP) in the current clinical practice. However, its sensitivity for the

detection of intestinal inflammation is low and it can increase in other extra-intestinal

inflammatory processes (6).



Inflammatory markers in feces have the advantage of being more specific than plasma

markers as they would not increase in processes outside the digestive system (7).

Thus, they would be more efficient than plasma markers and may even reduce the

need for endoscopic examinations in certain clinical situations. Fecal calprotectin (FC)

is currently the most commonly used fecal biomarker used in the clinical practice (8,9).

Calprotectin is a 36kDa protein that binds with calcium and zinc and is found in plasma,

some bodily fluids and inflamed mucosa, but not in healthy intestinal mucosa. It

constitutes 60% of the cytosolic proteins in neutrophils, monocytes and activated

macrophages. Due to the inflammatory activity in intestinal mucosa, it is habitually

accompanied by exudate from these cells into the intestinal lumen. The presence of

this protein in feces is directly proportional to the migration of neutrophils into the

gastrointestinal tract (10).

FC has an excellent stability in feces due to its resistance to breakdown by bacteria in

the colon and it can also be quantified using ELISA techniques with a small stool

sample (5 g). It has been proven to be a highly sensitive marker for organic intestinal

pathology, insofar that it is found in high quantities in different processes such as

neoplasms, infections and the consumption of NSAIDs. However, it is not affected by

functional conditions such as irritable bowel syndrome (7,11).

Several studies have assessed the use of plasma and fecal markers as objective

indicators of inflammatory activity in CD. FC may be useful for differentiating patients

with active CD and in remission (12-15) and also shows a good correlation with the

level of inflammatory activity assessed using clinical indices (12-17). Other studies have

demonstrated that FC levels are associated with the presence of tissue alterations in

endoscopic biopsies and are lower in the absence of anatomopathological

inflammation (18,19). Consequently, existing data suggest that FC would be more

sensitive than current serum markers for identifying inflammatory activity (20,21).

Despite the advantages of fecal markers, there are some disadvantages with regard to

their use in the clinical practice, such as patient resistance to collecting stool samples

or the handling of fecal material in the laboratory. Thus, this study addressed the

possibility of using serum calprotectin (SC) as a marker of intestinal inflammation,

attempting to verify its correlation with current endoscopic, analytical and clinical



parameters.

MATERIAL AND METHODS

The patients included had an established diagnosis of UC, CD or non-specific colitis and

were under treatment at the IBD Unit at Hospital Universitario La Paz; in addition, they

were due to undergo an endoscopy as part of the monitoring of their condition for any

reason. All patients provided informed consent. The inflammatory activity observed

during the endoscopic study was classified bearing in mind the contrasted indices for

each scenario, the Simple Endoscopic Score Crohn’s Disease (SES-CD) for CD and the

Mayo endoscopic score for UC.

A blood test was performed in all patients during the colonoscopy. This included acute-

stage reactants such as CRP and SC as well as the conventional parameters. SC levels

were measured using the PhiCal®Calprotectin ELISA Kit, Inmundiagnostik. This consists

of a sandwich ELISA using two selected monoclonal antibodies that bind human

calprotectin. The test was performed using plasma, with duplicate dilutions of 1:50 (40

samples per kit). The sample was applied to the coated capture antibody plate,

incubated and washed. The amount of bound calprotectin was detected using the

second monoclonal layer marked with biotin. A biotin-streptavidin reagent with a TMB

substrate was used to reveal the reaction. Normal levels of calprotectin in serum of

healthy subjects are > 3 mg/ml. FC levels were also tested, using the sample provided

on the day of the endoscopy. Stool samples were collected by the patient at home

prior to starting intestinal preparation in order to prevent any interference with

results; these were kept refrigerated until the day of the colonoscopy.

Patient baseline data was collected such as age, sex and date of birth, as well as the

nature of their IBD (IBD type, area affected, phenotype, current treatment, prior

surgery, etc.). Finally, the clinical indices were drawn up. This was the Harvey Index

(remission at ≤ 4 points) in the case of CD and the Walmsley Index (remission at ≤ 3

points) for UC.

Statistical analysis



A descriptive analysis was performed on the data obtained, both for patient baseline

data and specific IBD data. The median and interquartile range (IQR) were calculated

for continuous variables and percentages were calculated for categorical variables. The

quantitative variables were compared using the applicable non-parametric test. The

Mann-Whitney U test was used for the mean comparison.

ROC curves were also completed to study the sensitivity and specificity of the test. A

multivariate analysis was performed via logistic regression, using the presence of

categorical endoscopic inflammatory activity as the dependent variable. The Spearman

correlation coefficient for quantitative variables was used to study the SC:FC ratio. A

value of p < 0.05 was considered as statistically significant. The statistical analysis was

performed using the Stata software for Mac.

RESULTS

A total of 53 patients were included in the study, with a median age of 50 years (IQR

39-61 years) and 53% (28 patients) were male. All the patients had an established prior

diagnosis of IBD, 51% (27 patients) had UC and 49% (26 patients) had CD. The activity

of biomarkers (including SC) and their relationship with endoscopic findings are shown

in table 1. There were no statistically significant differences between the FC values in

UC patients (median 47.2, IQR: 15-171) and CD (median 83.2, IQR: 38.3-217) (p = 0.3).

Similarly, no significant differences between UC and CD were found in the analysis of

SC values, 10.73 mg/mg (IQR: 2.97-16.0) vs 10.82 mg/ml (IQR: 3.73-11.9) (p = 0.98).

The association between the severity of the endoscopic affectation and SC was studied

in UC patients, which was significantly higher with an endoscopic Mayo score of 2/3

(median 10.39 mg/ml [IQR: 7.4-12.2]) compared with those with a Mayo score of 0/1

(median 4.07 mg/ml [IQR: 2.9-7.2]) (p = 0.01). A ROC curve was used to determine the

sensitivity and specificity of SC in UC in comparison with endoscopic findings. An area

under the curve of 0.85 was obtained, with a cut-off point for SC of 4.4 mg/ml. The

sensitivity and specificity obtained were 83.3% and 81.25%, respectively, for the

identification of an endoscopic Mayo score of 2/3.

ROC curves were also drawn for the different serum activity markers most commonly

used in the clinical practice for UC such as CRP, erythrocyte sedimentation rate (ESR),



hemoglobin and platelets. When plotted together with SC, larger areas under the

curve were obtained and therefore, higher sensitivity and specificity values. The results

are shown in figure 1. In addition, the median of FC was higher in patients with

endoscopic activity, Mayo 0/1 81.5 (IQR: 20.1-160) vs Mayo 2/3 141 (IQR: 45-527).

However, this did not reach statistical significance (p = 0.5).

A multivariate analysis using logistic regression was performed to study the connection

between the different biochemical parameters and the endoscopic findings in UC. A

statistical significant association was not obtained for any variable. Furthermore, no

association was observed between the activity measured using this scale and SC,

according to the analysis of the clinical indices for UC (Walmsley) (p = 0.37). However,

there were statistically significant differences when we compared SC with the

endoscopic findings for CD, between patients with SES-CD ≤ 3 compared to those with

a higher score (p = 0.8). Nevertheless, the median SC was higher in patients with

greater endoscopic activity, SES-CD ≤ 3: 6.25 (IQR: 5.4-7.1) vs SESCD > 3: 20.1 (IQR:

16.8-23.4).

The sensitivity and specificity for SC was determined depending on endoscopic findings

in CD), which were low at 62.50% and 42.86%, respectively (CS cut-off point: 3.2

mg/ml). ROC curves were also drawn for the different serum activity markers most

commonly used in the clinical practice for CD (CRP, VSG, hemoglobin and platelets).

When potted together with SC, there was no good correlation between any of the

biomarkers studied and endoscopic activity. The results are shown in figure 2. In CD,

the median FC was higher in patients with greater endoscopic activity, SES-CD ≤ 3: 48.2

(IQR: 8.6-86.4) vs > 3: 136 (IQR: 47.2-280). These results were not statistically

significant (p = 0.8)

A multivariate analysis was also performed to study the association between the

different biochemical parameters and the endoscopic findings in patients with CD.

There were no statistically significant variables according to this analysis. With regard

to the clinical parameters, there was no significant association between SC levels and

the Harvey scale (p = 0.39) in CD patients. When we compared SC with FC for both UC

and CD patients, there was a poor linear correlation between the two (Spearman rho =

0.11, p = 0.46).



DISCUSSION

Previous studies have demonstrated the usefulness of SC as a marker of inflammation

in rheumatoid diseases such as rheumatoid arthritis. Furthermore, it is also considered

as a useful biomarker for monitoring the response to anti-TNF treatment (22-25).

However, there are few studies to date that examine the use of SC to assess intestinal

inflammatory activity in IBD patients compared with endoscopic findings (26,27).

The study of a Belgium group (26) included patients in the STORI study and selected

those patients with CD under treatment with infliximab for comparison with healthy

controls. The levels of SC were higher in patients with CD compared with the control

group (p < 0.0001) (28). Furthermore, SC was significantly greater when there was CD

activity (mean 19.5 ng/ml vs 8,353 ng/ml, p < 0.0001). There was also a good

correlation with CRP (r = 0.4092, p < 0.0001) and CDAI (r = 0.4442, p < 0.0001) but not

with endoscopic findings (CDEIS). Mao et al. recently completed a study to assess the

usefulness of SC for the detection of inflammatory activity in both UC and CD. They

identified a positive connection between SC and other biomarkers such as CRP or fecal

calprotectin, as well as with clinical activity indices such as CDAI or Mayo score for

each scenario. However, SC was not compared with endoscopic findings.

In our experience, SC has a good correlation with endoscopic activity in UC (sensitivity

of 83.3% and specificity of 81.25%) and there were also statistically significant

differences between SC levels in patients with a Mayo score of 0/1 vs 2/3. However,

the correlation with endoscopic findings in our CD sample was weaker. It is possible

that these results are affected by the fact that the endoscopically accessible sections of

bowel are not always the total affected segments. However, it is of note that although

statistical significance was not reached, the levels of SC were higher in our study when

endoscopic activity was present (median 20.1 [16.8-23.4] vs 6.25 [5.4-7.1]). In order to

find statistically significant differences, the sample size would likely need to be

increased.

In general, the clinical indices for IBD do not have a good correlation with endoscopic

findings, both in UC and CD (1-5). In our experience, no statistically significant

differences were found with the Harvey scale for CD or the Walmsley scale for UC



when these clinical scores were correlated with SC.

Finally, FC is used in the daily clinical practice for the management of IBD, although it

has been used categorically as high or normal, without setting any validated cut-off

points for the association with the severity of endoscopic lesions. However, several

studies have observed a good correlation between FC and endoscopic activity (18-20).

In our study, we aimed to assess whether there was a good linear correlation between

FC and SC, with poor results (Spearman rho 0.11, p = 0.46)

It should be noted that in our sample, SC was higher than other serum parameters

such as CRP or VSG for the quantification of inflammatory activity in UC. In this case,

the sensitivity and specificity of SC was considerably higher than other serum

estimates, 83.3% and 81.25%, respectively, as shown in figure 1. Although further

studies are needed with a larger number of patients, our experience suggests that SC is

higher than other analytical markers for the detection of activity in UC (29-31). In our

experience, SC is a good indirect marker for inflammatory activity and correlates with

endoscopic findings in UC, although there were no statistically significant differences

for CD. Further studies are needed with a larger number of patients in order to

increase the statistical potential and to make definitive conclusions.
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Ulcerative colitis
n = 27 (%)

Mayo 0/1: 17 patients
Mayo 2/3: 10 patients

Crohn´s disease
n = 26 (%)

SESCD ≤ 3: 10 patients
SESCD>3: 16 patients

Montreal
classification

E1: 2 (7.4%)
E2: 11 (40.7%)
E3: 14 (51.8%)

S0: 12 (44.4%)
S1: 7 (25.9%)
S2: 8 (29.7%)
S3: 0

A1 4 (15.4%)
A2 15 (57.7%)
A3 7 (26.9%)

L1 7 (26.9%)
L2 7 (26.9%)
L3 12 (46.2%)

B1 10 (38.5%)
B2 9 (34.6%)
B3 7 (26.9%)
Perianal: 6 (23%)

CRP (mg/dl)
median/IQR

Mayo 0/1: 2.34 (0.93-
14.56)

Mayo 2/3: 1.86 (1-14-4.9)

p = 0,52
SESCD ≤ 3: 7 (3.23-15.8)

SESCD > 3: 17.5 (14.9-20.1)

p =
0,68

ESR median/IQR Mayo 0/1: 14.5 (9-25)

Mayo 2/3: 10 (6-12)

p = 0,27 SESCD ≤ 3: 42 (30-50)

SESCD > 3: 44.5 (41-48)

p =
0,31

Hemoglobin
(g/dl)
median/IQR

Mayo 0/1: 13.8 (13.2-
15.3)

Mayo 2/3: 13.5 (12.9-
16.1)

p = 0,88 SESCD ≤ 3: 13.3 (12.8-13.7)

SESCD > 3: 12.4 (11.7-13.2)

p =
0,67

Platelets
( x106/l)
median/IQR

Mayo 0/1: 254000
(219000-268000)

Mayo 2/3: 260700
(75746-271000)

p = 0,52 SESCD ≤ 3: 207500 (150000-
239000)

SESCD > 3: 317500 (232000-
403000)

p =
0,68

Albumin
(g/dl)
median/IQR

Mayo 0/1: 4.1 (3.4-4.5)

Mayo 2/3: 4 (3.6-4.3)

p = 0,49 SESCD ≤ 3: 4.5 (4.5-4.5)

SESCD > 3: 3.9 (3.9-3.9)

p =
0,47

Serum
calprotectin
(mg/ml)
median/IQR

Mayo 0/1: 4.07 (2.9-7.19)

Mayo 2/3: 10.39 (7.4-
12.2)

p = 0,01 SES-CD ≤ 3: 6.25 (5.4-7.09)

SES-CD > 3: 20.1 (16.8-23.4)

p =
0,8

Fecal calprotectin
(µg/g)

mediana/IQR

Mayo 0/1: 81.5 (20.1-160)

Mayo 2/3: 141 (45-527)

p = 0,5 SES-CD ≤ 3 : 48.2 (8.6-86.4)

SES-CD > 3: 136 (47.2-280)

p = 0,8





Fig. 1. Area under the curve (ROC curve) for different serum markers of activity in

ulcerative colitis.



Fig. 2. Area under the curve (ROC curve) for different serum markers of activity in

Crohn’s disease.


