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Abstract 
Introduction: Monitoring the response to biological treatment in Crohn’s disease (CD) is a very important element of the 

therapeutic optimisation. 
Aim: To evaluate the usefulness of measuring calprotectin, lactoferrin, and myeloperoxidase in stool as markers of long-term 

clinical and endoscopic response to anti-tumour necrosis factor a (anti-TNF) treatment in CD. 
Material and methods: The studied group consisted of 35 CD patients treated with anti-TNF-a antibodies. Clinical activity 

was evaluated using Crohn’s Disease Activity Index (CDAI), and the exacerbation of endoscopic changes was evaluated using 
a Simple Endoscopic Score for Crohn’s Disease (SES-CD). The concentration of calprotectin, lactoferrin, and myeloperoxidase 
was measured using the ELISA method. All measurements were performed three times – before, after 3 months, and after a year 
of therapy. 

Results: During anti-TNF treatment the concentrations of all measured faecal markers decreased significantly in relation to 
baseline values. We observed a significant correlation at all time-points: before the therapy, after 3 months, and 12 months after 
starting the therapy, between the concentration of calprotectin and SES-CD, calprotectin and CDAI, as well as between lactoferrin 
and SES-CD, and lactoferrin and CDAI. Myeloperoxidase correlated with both SES-CD and CDAI only after 1 year of treatment. 

Conclusions: Faecal calprotectin and lactoferrin are valuable markers of clinical and endoscopic activity of CD in patients 
treated with anti-TNF antibodies. They are useful in monitoring the response to treatment. The usefulness of myeloperoxidase 
in this respect remains controversial. 

Introduction
Crohn’s disease (CD) is an inflammatory bowel dis-

ease (IBD). The inflammatory changes in CD can be 
present in any part of the gastrointestinal tract. The dis-
ease presents as intestinal wall inflammatory infiltra-
tion, strictures of the intestinal lumen, and/or fistulas. 
It is a chronic disease with episodes of exacerbations 
and remissions. During the exacerbation period diar-
rhoea, bloody stools, and abdominal pain are the most 
common presenting symptoms. The clinical picture 

very often does not reflect the typical characteristics 
of the disease, which creates a significant diagnostic 
problem [1]. Crohn’s Disease Activity Index (CDAI) is the 
most commonly used indicator of disease exacerbation 
in clinical studies and in every day practice [2]. It in-
cludes a number of criteria such as: present state of 
being, abdominal pain, number of bowel movements, 
haematocrit value, body weight, and administered 
drugs. Numerous studies have proven that the clinical 
picture does not always correlate with the endoscopic 
activity index [2–5]. Mucosal healing (MH) is the most 
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important component of CD remission. The main goal 
of treatment in CD focuses on obtaining endoscopic 
remission. The MH is the criterion of the treatment’s 
effectiveness [6]. Doses and time of drug administration 
should be adjusted to the patient’s individual needs. 
It is only possible through a precise evaluation of the 
treatment’s effectiveness. As mentioned above, the nec-
essary element is the evaluation of endoscopic chang-
es. Mucosal healing is a necessary criterion in order to 
obtain permanent remission of the disease. The gold 
standard to evaluate this criterion is endoscopy. How-
ever, it is an expensive, often scarcely available method 
that requires a burdensome test preparation. This is the 
reason why we search for a cheap and easily accessible 
test with high sensitivity that will reflect the grade of 
intestinal wall inflammatory infiltration and therefore 
will be a good early diagnostic tool for the assessment 
of treatment effectiveness and detection of early ex-
acerbations of IBD. In the literature it has been stated 
that inflammatory biomarkers in stool can meet these 
expectations [7, 8]. The most commonly investigated 
markers are calprotectin, lactoferrin, and to a lesser ex-
tent myeloperoxidase. Numerous studies have proven 
that their increased concentration correlates with the 
degree of inflammatory changes in the gastrointestinal 
tract. A lot of researchers conclude that the concentra-
tion of these biomarkers can indirectly reflect the endo-
scopic changes in the intestines [9–11]. 

Biological treatment of IBD has been a significant 
accomplishment in this field of medicine in the last de-
cade. These drugs have been the most effective in the 
treatment of CD up to this date. They are capable of 
inducting permanent and full remission of the disease, 
which mostly depends on the grade of intestinal MH. 
During biological treatment, it is extremely important 
to evaluate the response to treatment. Remission of en-
doscopic changes is the basic criterion to end the treat-
ment [12]. The number of research studies that assess 
the usefulness of these faecal markers in monitoring 
the response to treatment of anti-tumour necrosis fac-
tor a (anti-TNF) drugs is still very low. 

Calprotectin is a protein with molecular weight of 
36 kDa that belongs to the S100 low-molecular pro-
teins family. It is a protein that expresses the ability 
to bind calcium and zinc ions, which determines its 
bacteriostatic function. It is mostly produced by neu-
trophils making up 30–60% of cytological proteins, and 
to a lesser extent by monocytes and reactive macro-
phages. Calprotectin is released into the extracellular 
space when the neutrophils and/or monocytes are stim-
ulated by pro-inflammatory cytokines [13, 14]. Lacto-
ferrin is a glycoprotein from the transferrin family, with 
a molecular mass of approximately 80 kDa. It is charac-

terised by the ability to bind iron ions. It is produced by 
secretory epithelial cells and is present in breast milk, 
saliva, cerebrospinal fluid, and seminal fluid. It is also 
present in secondary and tertiary granulation, during 
which lactoferrin is released directly into the blood-
stream or inflammatory areas [15]. 

Myeloperoxidase is an enzyme that belongs to the 
peroxidases group. It is a catalyst in the chemical reac-
tion forming hypochlorous acid (HOCl), which is a chem-
ical compound with strong bactericidal and antiviral 
properties. Myeloperoxidase is present in the granular-
ity of neutrophils and is released during inflammatory 
reactions [16].

Aim
The goal of our research study is to evaluate the 

usefulness of the measurement of calprotectin, lacto-
ferrin, and myeloperoxidase concentrations in stool in 
monitoring long-term clinical response and endoscopic 
changes to anti-TNF-a treatment in CD patients who 
initially responded well to the treatment.

Material and methods
Patients with CD who were treated with anti- 

TNF-a were qualified as part of the therapeutic Nation-
al Health Care program in the Department of Gastro-
enterology and Internal Medicine in Medical University 
of Poznan during the years 2009–2013. The diagnosis 
was made based on the patient’s history and laborato-
ry, endoscopic, and histopathological results. Exclusion 
criteria consisted of: pregnancy, fistulas, present stoma, 
intestinal resections, and administration of non-steroi-
dal anti-inflammatory drugs at least 3 months before 
qualification for the study. Patients who did not respond 
to induction treatment were not qualified for the con-
tinuation of biological treatment and therefore were 
excluded from the study. A good response to treatment 
was defined as a decrease in CDAI index by a minimum 
of 70 points, and as a clinical remission CDAI < 150 
points. During the study patients did not receive any 
antibiotics; the disease remission was free from corti-
costeroids. 

Clinical activity was evaluated using the CDAI [2]. Ev-
ery patient underwent a colonoscopy with terminal ile-
um intubation performed by an experienced endoscopic 
specialist. Endoscopic activity was evaluated using the 
Simple Endoscopic Score for Crohn’s Disease (SES-CD) 
[4]. Before the colonoscopy we obtained a stool sam-
ple in order to measure the concentration of calpro-
tectin, lactoferrin, and myeloperoxidase. This sample 
was frozen and stored at –20°C until the markings 
were performed. After defrosting to room temperature, 
we measured the concentration of the specific faecal 
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markers. Calprotectin was measured using the PhiCal® 
Calprotectin ELISA test (Immundiagnostik, Germany), 
lactoferrin using IBDScan ELISA test (TechLab, USA), 
and myeloperoxidase using ELISA test (Immundiagnos-
tic, Germany). The evaluation of the above parameters 
(CDAI, SES-CD, faecal markers) was performed three 
times: before admission to the study, after the end of 
induction treatment (after 3 months – at week 12), and 
after 12 months of therapy (at week 56). Patients were 

treated as part of the National Health Care program 
(NFZ) using infliximab and adalimumab. Infliximab was 
given in dosages of 5 mg/kg of body weight at weeks 
0, 2, and 6 and then every 8 weeks. Adalimumab was 
administered every 2 weeks. The initial dosage was  
160 mg, the next was 80 mg, and the following was 40 mg.  

The study was approved by the Bioethics Committee 
at Poznan University of Medical Sciences (Decision No 
93/09).

Statistical analysis
The analysed data were not consistent with stan-

dard distribution (Shapiro-Wilk test). That is why the 
data were analysed using distribution free test. The 
results were presented as medians and interquartile 
ranges (IQR).  

In order to measure the significant differences in 
the marker levels during treatment (three measurement 
points) the Friedman test was performed. In cases of 
significant differences post-hoc tests were performed 
to designate the homogenous groups. The correlations 
between the analysed parameters were measured using 
Spearman’s rank correlation coefficient, and the statis-
tical significance using Student’s t-test. The statistical 
analysis was performed using Statistica 10.0 (StatSoft) 
software. All the tests were considered statistically sig-
nificant when p < 0.05.

Results
Initially 50 patients were qualified into this study. 

After 3 months of therapy the clinical response was ob-
tained in 35 patients. This group was analysed during 
our study. The clinical characteristics of patients are pre-
sented in Table I. The change in CDAI and SES-CD after 
12 weeks, and after 1-year of anti-TNF treatment in the 
study group is shown in Table II. The median calpro-
tectin concentration in stool before the administration 
of biological treatment was 178.9 (IQR: 112.3–271.8) 
mg/l, lactoferrin 112 (IQR: 42.2–723.6) µg/ml, and my-
eloperoxidase 9136.5 (IQR: 4000–20956) ng/ml. After 
3 months of treatment all of the above parameters 
decreased. In this group, the median concentration of 
calprotectin was 49.9 (IQR: 11.6–169.6) mg/l, lacto-
ferrin 18.4 (IQR: 2.4–77) µg/ml, and myeloperoxidase 
5595.2 (IQR: 1358.6–11255.8) ng/ml. After a year of 
treatment median concentrations of the above markers 
were as follows: calprotectin 44.3 (IQR: 11.4–200) mg/l,  
lactoferrin 15.8 (IQR: 3.5–96.2) µg/ml, and myeloper-
oxidase 5540.5 ng/ml (IQR: 1525.5–16010.3) ng/ml. 
Statistically significant differences were reported in re-
gards to the concentrations of calprotectin (Figure 1),  
lactoferrin (Figure 2), and myeloperoxidase (Figure 3) 
between the groups before the treatment adminis-

Table I. Clinical characteristics of the study group (n = 35)

Feature Number Percentage

Age, median (range) [years] 34.5 (18–53)

Gender (female/male) 20/15 57.1/42.8

Disease location:

Colon 8 22.8

Ileocolon 27 77.2

Duration of the disease [years] 4.5

Smoking: no/yes 32/3 91.4/8.6

Maintenance treatment:

5-Aminosalicylic acid 32 91.4

Thiopurine 28 80

Metronidazole:

Week 0 3 8.6

Week 12 0

Week 56 0

Corticosteroids:

Week 0 14 40

Week 12 0

Week 56 0

Adalimumab 14 40

Infliximab 21 60

Table II. Change in clinical activity assessed by Crohn’s 
Disease Activity Index (CDAI) and endoscopic activity 
assessed by Simple Endoscopic Score for Crohn’s 
Disease (SES-CD) after 12 weeks, and after 1-year  
(56 weeks) of anti-TNF therapy in the study group

Week CDAI SES CD

0 283 (IQR: 199–334) 13.5 (IQR: 7–20)

12 80 (IQR: 54–145) 6 (IQR: 4–8)

56 80 (IQR: 55–150) 6 (IQR: 4–14)
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tration, at the end of the induction period, and after 
a year of treatment. There were no statistically signifi-
cant differences when comparing the concentration of 
assessed faecal markers at week 12 and after a year 
of treatment (Figure 1–3). After 56 weeks of the ther-
apy in three patients there was an exacerbation of 
the disease. In these patients we observed increased 
concentrations of all faecal markers in comparison 
to the measures after induction of treatment (cal-
protectin: 195.4 vs. 439. 3 mg/l, 31.2 vs. 372.1 mg/l,  
62.86 vs. 722.61 mg/l; lactoferrin: 60.1 vs. 363.2 µg/
ml, 1775.1 vs. 3727.8 µg/ml, 4.56 vs. 711.4 µg/ml; 
myeloperoxidase: 725.4 vs. 18235.5 ng/ml, 1601.2 vs.  
2313.2 ng/ml, 4679.4 vs. 26469.5 ng/ml). The CDAI val-
ues in these patients during the flare of the disease 
were 360, 480, and 460, respectively. 

We obtained a correlation between the concentra-
tion of calprotectin and lactoferrin, and the endoscopic 
activity index SES-CD as well as CDAI both before the 
patients were qualified for treatment as well as 3 and 
12 months after the treatment had been initiated (Ta-
bles III–V). The highest degree of correlation was ob-
served between CDAI, SES-CD, and calprotectin after 
12 months of treatment (Table V). The concentration 
of myeloperoxidase correlated with the endoscopic 
activity index SES-CD after 3 months of therapy and 
with CDAI after 12 months of therapy (Tables III, V). 
There was no correlation between CDAI, SES-CD, and 
the concentration of myeloperoxidase in stool before 
the initiation of treatment (Table III). There was also 
no correlation between CDAI and the concentration 
of myeloperoxidase in stool after 3 months of therapy 
(Table IV). 

Discussion
In patients treated with biological agents, it is very 

important to evaluate the effectiveness of the adminis-
tered therapy. This assessment should take into account 
both the clinical response and endoscopic response to 
treatment. Based on numerous studies it has been prov-
en that the remission of mucosal changes is a necessary 
element in obtaining a permanent treatment response 
[12, 17]. In order to evaluate the clinical activity of CD, 
CDAI is the most commonly used scale, both in every 
day practice, as well as during clinical trials and scientif-
ic studies. It is worth mentioning that CDAI applies to all 
the studies that evaluate the effectiveness of biological 
treatment. The clinical response is extremely important; 
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however, it does not necessarily reflect the endoscopic 
changes [2, 3, 5]. This is mostly due to the fact that 
the clinical activity index consists of a lot of subjective 
measures, and on the other hand a high endoscopic ac-
tivity does not always fully reflect the clinical picture. In 
the clinical practice we often observe patients with high 
CDAI index but the endoscopic activity is very low, and 
vice versa. Therefore, in order to correctly evaluate the 
endoscopic activity, it is necessary to perform a colo-
noscopy. As previously mentioned it is an invasive and 
expensive examination. With better access to biological 
treatment nowadays, strict monitoring of treatment re-
sponse using endoscopic examinations is nearly impos-
sible. That is why it is necessary to search for cheaper 
and less invasive methods. Based on the recent litera-
ture it has been proposed that faecal biomarkers could 
be an accurate measure of endoscopic activity [18, 19]. 

Most of these studies concern patients before the treat-
ment initiation. There are not many studies evaluating 
the usefulness of faecal biomarkers in monitoring of 
the response to anti-TNF-a treatment. As is common-
ly known, biological treatment consists of medications 
that significantly affect MH. They are products that 
also significantly affect immunological processes in the 
gastrointestinal tract. It is also important to note that 
patients who undergo biological treatment very often 
have high endoscopic activity index and a more severe 
disease course. That is why, in order to correctly use 
the faecal markers to evaluate the biological treatment 
response, it is necessary to perform more studies on 
this group of patients. In our opinion transferring the 
results from other groups of patients is not adequate. 
In our study we attempted to evaluate the usefulness of 
selected faecal markers in the assessment of response 
to biological treatment during 1 year of administration. 

The results of our study confirm the usefulness of 
both calprotectin and lactoferrin in the evaluation of 
endoscopic activity of the disease before the admin-
istration of biological treatment. We obtained the cor-
relations between these measures. The concentration of 
these faecal markers correlated with the clinical activity 
of the disease, which in our opinion is noteworthy. It 
validates the fact that high values of calprotectin and 
lactoferrin can be a good early diagnostic tool during 
disease exacerbations. Our results are consistent with 
other studies [18, 19].

In literature, there have not been many studies 
that focus on the use of faecal markers in the biolog-
ical treatment. Based on the published data we can-
not make any assumptions about the usefulness of 
faecal markers in monitoring the biological treatment 
response. Sipponen et al. showed that the concentra-
tion of calprotectin and lactoferrin in stool decreases in 
patients who responded well to treatment. It was not 
observed in the group of patients who did not respond 
well to treatment. These studies included patients be-
fore the administration of a biological treatment and 
after the induction time, which is after 3 months of 
treatment. The authors of this study concluded that the 
faecal markers could be useful in monitoring the biolog-
ical treatment response [20]. Different conclusions were 
drawn by Nogueira et al. Their studied group consisted 
of 17 patients who underwent biological treatment. 
They measured the concentrations of calprotectin and 
lactoferrin in stool before the treatment administration, 
after 8 weeks of induction period, and at week 32 of 
treatment. The researchers showed that before the ad-
ministration of biological treatment faecal markers can 
be an accurate measure of endoscopic and histological 
remission, but during the course of the disease they do 

Table III. Correlation analysis between assessed faecal 
marker concentrations, Crohn’s Disease Activity Index 
(CDAI), and Simple Endoscopic Score for Crohn’s Disease 
(SES-CD) before starting anti-TNF treatment (week 0)

Variable Calprotectin Lactoferrin Myeloperoxi-
dase

CDAI  p < 0.0001
 r = 0.431

p < 0.05
r = 0.304

NS
r = 0.244

SES-CD  p < 0.05
 r = 0.420

p < 0.05
r = 0.484

NS
r = 0.258

Table IV. Correlation analysis between assessed faecal 
marker concentrations, Crohn’s Disease Activity Index 
(CDAI), and Simple Endoscopic Score for Crohn’s 
Disease (SES-CD) after 3 months of anti-TNF treatment 
(week 12)

Variable Calprotectin Lactoferrin Myeloperoxi-
dase

CDAI  p < 0.05
 r = 0.310

p < 0.05
r = 0.300

NS
r = 0.254

SES-CD  p < 0.05
 r = 0.420

p < 0.05
r = 0.395

p < 0.05
r = 0.379

Table V. Correlation analysis between assessed faecal 
marker concentrations, Crohn’s Disease Activity Index 
(CDAI), and Simple Endoscopic Score for Crohn’s 
Disease (SES-CD) after 12 months of anti-TNF treatment 
(week 56)

Variable Calprotectin Lactoferrin Myeloperoxi-
dase

CDAI  p < 0.0001
 r = 0.461

p < 0.05
r = 0.391

p < 0.05
r = 0.399

SES-CD  p < 0.0001
 r = 0.562

p < 0.05
r = 0.556

p < 0.05
r = 0.384
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not correlate as precisely with the endoscopic activity 
of the disease. The authors concluded that the biomark-
ers are useful in the long-term evaluation of biological 
treatment [21]. Our results are different to these obser-
vations, but consistent with data from Sipponen et al. In 
our study, during the course of biological treatment the 
concentration of both calprotectin and lactoferrin de-
creased, which still correlated with the endoscopic and 
clinical activity of the disease. Based on our study we 
can draw the conclusion that lactoferrin and calprotec-
tin can be accurate measures of endoscopic remission 
in patients treated with biological treatment. It could be 
very beneficial to monitor the concentration individually 
in each patient. It is especially important in patients 
after induction of remission with biological treatment. 
In this group of patients a complete remission of the 
mucosal changes is very rare. That is why it is very im-
portant to observe a decrease in the concentration of 
both calprotectin and lactoferrin in comparison to the 
baseline levels. On the other hand, after 12 months of 
therapy when a full MH is obtained, the concentration 
of biomarkers should further decrease. Both calpro-
tectin and lactoferrin can be very useful measures in 
monitoring the treatment response because of their 
high stability at room temperature. Obtaining a sam-
ple is very easy and noninvasive, and the fact that the 
temperature does not affect their concentration is an 
additional advantage. 

In the literature there are no studies concerning the 
usefulness of myeloperoxidase in the evaluation of bio-
logical treatment response. In our study we found a cor-
relation between the concentration of myeloperoxidase 
in stool and the endoscopic activity after the induction 
period and after a year of therapy. It is important to note 
that we did not find such a correlation in patients before 
the administration of treatment. It is also interesting that 
the correlation between clinical activity and the concen-
tration of myeloperoxidase in stool was only present af-
ter 12 months of therapy. As we mentioned above, this is 
a pioneering study in this topic. Based on the results it is 
still too early to draw any conclusions about the useful-
ness of myeloperoxidase in monitoring biological treat-
ment response. The lack of correlation between the con-
centration of myeloperoxidase and the endoscopic and 
clinical activity before the administration of treatment 
is a significant limitation. Therefore, there is still a ques-
tion whether observing the changes in concentrations of 
this faecal marker in individual patients in comparison 
to initial concentrations will be an accurate reflection of 
endoscopic changes and the response to treatment. It is 
necessary to perform more studies in this topic. 

Throughout the period of 16 years of biological 
treatment administration there have been numerous 

observations evaluating the effectiveness of the re-
sponse to treatment. The term “deep remission” was 
created. It consists of both the biochemical and en-
doscopic response. The combination of two types of 
response seems to be very important. It is associated 
with the fact that in some patients, despite the lack of 
endoscopic changes, there can still be some microscop-
ic changes. The elevated levels of biomarkers in stool 
can be a reflection of this. Only normalisation of all the 
components represents “deep remission” [22, 23]. It 
is not easy to accomplish it. It seems that in everyday 
practice it is more important to monitor the concentra-
tions of faecal markers individually in selected patients 
and not to normalise them. 

Conclusions
In our study we presented that faecal calprotectin 

and lactoferrin are surrogate markers for endoscopic 
and clinical activity of CD. They are useful in monitoring 
the biological treatment response. It cannot be conclud-
ed whether the concentration of myeloperoxidase in 
stool is useful in the evaluation of treatment response. 
More research needs to be conducted in this field. 
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