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Abstract

Background and aims: Mucosal healing has become the treatment goal in patients with ulcerative 
colitis (UC) and Crohn’s disease (CD). Whether low fecal calprotectin levels and histological healing 
combined with mucosal healing is associated with a further reduced risk of relapses is unknown.
Methods: Patients with CD, UC or inflammatory bowel disease-unclassified (IBD-U) scheduled for 
surveillance colonoscopy collected a stool sample prior to bowel cleansing. Only patients with 
mucosal healing (MAYO endoscopic score of 0) were included. Fecal calprotectin was measured 
using a quantitative enzyme-linked immunosorbent assay (R-Biopharm, Germany). Biopsies 
were obtained from four colonic segments, and histological disease severity was assessed using 
the Geboes scoring system. Patients were followed until the last outpatient clinic visit or the 
development of a relapse, which was defined as IBD-related hospitalization, surgery or step-up in 
IBD medication.
Results: Of the 164 patients undergoing surveillance colonoscopy, 92 patients were excluded due 
to active inflammation or missing biopsies. Of the remaining 72 patients (20 CD, 52 UC or IBD-U), 
six patients (8%) relapsed after a median follow-up of 11 months (range 5–15 months). Median fecal 
calprotectin levels at baseline were significantly higher for patients who relapsed compared with 
patients who maintained remission (284 mg/kg vs. 37 mg/kg. p < 0.01). Fecal calprotectin below 
56 mg/kg was found to optimally predict absence of relapse during follow-up with 64% sensitivity, 
100% specificity, 100% negative predictive value and 20% positive predictive value. The presence 
or absence of active inflammation determined by Geboes cut-off score of 3.1 was less strongly 
associated with the risk of relapse (64% sensitivity, 33% specificity, 9% negative predictive value 
and 92% positive predictive value.
Conclusion: Low calprotectin levels identify IBD patients who remain in stable remission during 
follow-up.
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Abbreviations  

UC  ulcerative colitis 
CD  Crohn’s disease 
IBD-U  inflammatory bowel disease-unclassified 
ROC receiver operating characteristic 
PPV  positive predictive value 
NPV  negative predictive value 
NSAID  non-steroidal anti-inflammatory drug

1. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are heterogeneous 
diseases characterized by inflammation of the gastrointestinal tract 
and a relapsing disease course. Treatment of inflammatory bowel dis-
ease (IBD) is currently aimed at achieving mucosal healing, which is 
reportedly associated with reduced rates of hospitalization and sur-
gery.1–3 Assessment of disease activity is challenging, however, since 
clinical symptoms are known to correlate poorly with inflammatory 
status.4,5 Therefore, ileocolonoscopy is the current gold standard for 
the assessment of intestinal inflammation in IBD patients, but this 
procedure is invasive and costly.

Fecal calprotectin is a promising non-invasive marker because 
it can easily be determined in stool samples and shows a reason-
ably good correlation with endoscopic inflammation in both CD 
and UC.6–8 Surprisingly, patients may display elevated levels of fecal 
calprotectin, even when endoscopic disease activity is absent. This 
could be due to disease activity proximal to the terminal ileum in CD 
patients or other pathology in the upper gastrointestinal tract such 
as peptic ulcers or nonsteroidal enteropathy.9 Alternatively, these 
elevated calprotectin levels could also be explained by low-grade 
inflammation only detectable upon histological evaluation. Several 
studies have shown that histological inflammation can be more 
extensive and severe than can be appreciated endoscopically.10,11 
Parallel to the concept of mucosal healing, patients with endoscopic 
mucosal healing, histological healing and low fecal calprotectin lev-
els might represent a subgroup of patients in ‘deep remission’ with a 
lower risk of relapses.12 Earlier studies have shown that elevated cal-
protectin levels can predict a relapse during follow-up in patients in 
clinical remission with a pooled sensitivity of 78% and a specificity 
of 73%.13 However, these studies did not incorporate ileocolonos-
copy at baseline to confirm mucosal healing.

The aim of the current study was therefore to assess whether ele-
vated fecal calprotectin levels in IBD patients with complete mucosal 
healing can be explained by histological inflammation. Secondly, we 
aimed to assess whether histological inflammation and/or elevated 
calprotectin are predictive of a relapse in these patients.

2. Methods

2.1 Patients
Consecutive patients with CD, UC or IBD-unclassified (IBD-U) in 
clinical remission scheduled for a surveillance colonoscopy between 
July 2011 and January 2013 were asked to participate in the current 
study. Therefore, patients enrolled in the study had to have a history 
of at least left-sided colitis (UC and IBD-U patients) or colitis involv-
ing more than 30% of the mucosa (CD patients). Patients were asked 
to collect a stool sample within two days prior to bowel cleansing 
and store this sample at room temperature.

For patients with UC or IBD-U, endoscopic disease severity was 
scored as no inflammation, mild (erythema, decreased vascular pat-
tern, mild friability), moderate (marked erythema, absent vascular 

pattern) or severe inflammation (spontaneous bleeding, ulceration) 
in accordance with the Mayo endoscopic score. Since all enrolled CD 
patients had colonic disease, we employed the Mayo score for CD 
patients as well. Patients with mild, moderate or severe inflammation 
(Mayo 1, 2 or 3) in any segment of the colon were excluded from 
further analysis. In patients with CD, patients with any sign of ileal 
inflammation (erythema, aphtous lesions or ulcers) or in whom the 
terminal ileum could not be intubated were excluded.

2.2 Fecal calprotectin analysis
Fecal samples were stored at −80°C until shipment to the manufac-
turer for calprotectin analysis. Calprotectin was measured using a 
quantitative enzyme linked immunoassay according to the manu-
facturer’s instructions (Ridascreen Calprotectin, kindly provided 
by R-Biopharm, Darmstadt, Germany). The measurement range of 
the calprotectin is between 19.5 and 800 mg/kg, and samples were 
diluted to obtain calprotectin levels above the upper limit. Similar to 
other calprotectin essays, levels <50 mg/kg were considered normal. 
R-Biopharm personnel were blinded for the patients’ clinical and his-
tological characteristics.

2.3 Scoring of histological disease activity
Two biopsies were obtained from four colonic segments in UC and 
CD patients (eight biopsies in total, ascending colon, transverse colon, 
descending colon and rectum), and from the terminal ileum in CD 
patients for the assessment of histological disease severity. Biopsies 
were fixed in 10% neutral formalin, and sections were stained with 
hematoxylin and eosin. All slides were reviewed by an expert gas-
trointestinal pathologist (who was blinded for the patient’s clinical 
characteristics and fecal calprotectin levels) using the Geboes scor-
ing system. The Geboes scale comprises seven different parameters: 
architectural distortion, density of chronic inflammatory infiltrate, 
density of eosinophils in the lamina propria, density of neutrophils 
in the lamina propria, the presence of neutrophils in the epithelium, 
crypt destruction and erosion or ulceration (Supplementary Table).14 
The most severe grade of inflammation observed in any of the four 
colonic segments was considered the maximal Geboes score. In 
accordance with previous studies, a maximal Geboes score of 3.1 
or higher was considered as active histological inflammation.15 The 
scores for each Geboes parameter in each of the four colonic seg-
ments were combined to calculate the total Geboes score, ranging 
from 0 to 12 for each parameter. For patients with CD, the score 
for each parameter from the terminal ileum was counted as an addi-
tional segment for both the maximal and total Geboes score.

2.4 Follow-up
The medical records were reviewed to evaluate the clinical disease 
course after the baseline surveillance colonoscopy. Since a stand-
ardized follow-up using clinical disease activity scores such as the 
Crohn’s Disease Activity Index or the Simple Clinical Colitis Activity 
Index was not part of the study protocol, the primary outcome of a 
relapse was defined as (i) step-up in IBD medication, (ii) hospitaliza-
tion for an IBD relapse or IBD-related surgery, and (iii) colonoscopy 
showing disease activity. Patients were followed from the date of the 
baseline surveillance colonoscopy until the development of a relapse 
or the last visit to the outpatient clinic.

2.5 Statistical analysis
Baseline characteristics were analysed using standard descriptive sta-
tistics. The non-parametric Mann–Whitney test was used to compare 
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fecal calprotectin levels between patients with and without a relapse 
during follow-up and between patients with and without histological 
inflammation. The ANOVA test was used to compare fecal calprotectin 
levels stratified according to the maximal grade of histological inflam-
mation according to the Geboes score, and the Spearman rank cor-
relation test was used to assess the correlation between levels of fecal 
calprotectin and the total score of the different Geboes parameters.

To calculate the accuracy of fecal calprotectin and the maxi-
mal Geboes score in discriminating between patients developing a 
relapse and those that remained in clinical remission, a receiver oper-
ating characteristic (ROC) curve was constructed.

The strength of the association between several clinical param-
eters (i.e. age, type of IBD, disease duration) and calprotectin was 
assessed by linear regression. Since calprotectin levels were skewed, 
calprotectin levels were transformed to their natural logarithm (ln 
calprotectin) for this analysis. A two-sided p-value < 0.05 was con-
sidered statistically significant. All analyses were performed using 
SPSS version 20 (Chicago, IL, USA) for Windows.

2.6 Ethical considerations
This study was approved by the medical ethics committee in our 
center, protocol number 11–050. All participants gave written 
informed consent before participating in the study.

3. Results

3.1 Patients
A total of 164 IBD patients underwent surveillance colonoscopy and 
provided a stool sample. Of these, 62 patients were excluded because 
of endoscopic colonic inflammation (Figure 1). Of the remaining 102 
IBD patients, 11 CD patients were subsequently excluded either due 
to inflammation of the terminal ileum (n  =  5) or because intuba-
tion of the terminal ileum was not performed (n = 6). A further 19 
patients were excluded because no biopsies were taken from the ter-
minal ileum in the case of CD patients (n = 17) or from one colonic 
segment (n = 2). The final study population consisted of 72 patients, 
of whom 20 patients had CD, 47 had UC and five had IBD-U. 
Baseline characteristics of the study population are given in Table 1.

3.2 Fecal calprotectin results
Median fecal calprotectin was 49 mg/kg (range 20–4 609). No dif-
ferences were found between CD patients (median value 53 mg/kg) 

and patients with UC or IBD-U (median value 43 mg/kg, p = 0.35). 
A calprotectin level above 250 mg/kg, reportedly the optimal cut-off 
level for active disease, was observed in 12 patients (17%).6

3.3 Histological inflammation and calprotectin
Of the 72 patients, 23 (32%, 8 CD patients and 15 UC or IBD-U 
patients) had a Geboes score ≥3.1 in at least one biopsy, which 
is considered the cut-off for active histological disease in previ-
ous studies.13 Median fecal calprotectin levels were similar for 
patients with active histological disease as compared with patients 
without active histological disease, both for CD patients (45 mg/
kg vs. 54 mg/kg, p = 0.46) and UC or IBD-U patients (74 mg/kg 
vs. 28 mg/kg, p = 0.09). After stratifying for the maximal grades 
of histological inflammation, no association between higher his-
tological grades of inflammation and higher levels of fecal cal-
protectin was found either (p = 0.27, Figure 2). Furthermore, in 
both CD and UC or IBD-U patients, fecal calprotectin showed 
no significant correlation with the total score for each separate 
Geboes feature (Table 2).

Patients undergoing
surveillance colonoscopy
N=164

Patients with mucosal
healing
N=91

Excluded:
•   Colonic in�ammation  N=62
•   Terminal ileum with inflammation N=5
     (CD patients)
•   Terminal ileum not introduced N=6
     (CD patients)

Excluded:
•   No biopsies from the terminal illeum N=17
     (CD patients)
•   No biopsies from one colonic segment N=2

Final study population
N=72

Figure 1. Flow chart showing the patient selection.

Table  1. Baseline characteristics of IBD patients undergoing sur-
veillance colonoscopy.

n (%)

Number of patients 72 (100)
Male gender 33 (46)
Age, years (median, range) 50 (19–71)
Duration of IBD, years (median, range) 19 (4–51)
IBD diagnosis
 Ulcerative colitis 46 (64)
  Left-sided 18 (39)
  Extensive 25 (54)
  Unknown 3 (6)
 Crohn’s colitis 21 (29)
  Segmental colitis <50% 7 (33)
  Segmental colitis >50% 14 (67)
  Unknown 0 (0)
 IBD-unclassified 5 (7)
  Left-sided 1 (20)
  Extensive 4 (80)
  Unknown 0 (0)
Patients with extensive colitis (UC, CD, IBD-U) 43 (60)
Age at diagnosis (CD patients)
 <16 years 3 (14)
 Between 17 and 40 years 15 (72)
 >40 years 3 (14)
Disease phenotype (CD patients)
 Non-stricturing, non-penetrating 14 (67)
 Structuring 6 (29)
 Penetrating 1 (4)
 Perianal disease 6 (29)
Disease location (CD patients)
 Ileal 0 (0)
 Colonic 11 (52)
 Ileocolonic 9 (43)
 Upper GI tract 1 (5)
Medication use
 5-ASA 48 (67)
 Thiopurines 32 (44)
 Methotrexate 2 (3)
 Anti-TNFα 5 (7)
 Current smoker 11 (15)

IBD: inflammatory bowel disease.

52 E. Mooiweer et al.

 by guest on February 12, 2016
http://ecco-jcc.oxfordjournals.org/

D
ow

nloaded from
 

http://ecco-jcc.oxfordjournals.org/


3.4 Clinical parameters associated with elevated 
calprotectin levels
Univariate analysis showed no significant association between type 
and duration of IBD, disease extent, age, gender, type of maintenance 
therapy, history of upper gastrointestinal disease, smoking, presence 
of post-inflammatory polyps, maximal Geboes score and the level of 
fecal calprotectin (Table 3).

3.5 Predictors of relapse during follow-up
During a median follow-up of 12 months (range 0–24 months), six 
patients (8%, 2 CD and 4 UC) relapsed. Median time between the 
baseline surveillance colonoscopy and relapse was 13 months (range 
4–16 months). Three patients were started on steroids, two patients 
were started on 5-ASA, and azathioprine dosage was optimized in 
one patient. Disease activity was confirmed, with endoscopy in five 
patients showing mild or moderate colonic inflammation in all five 
patients. In the sixth patient, steroids were started without perform-
ing endoscopy.

Active histological inflammation at baseline, defined as a Geboes 
score ≥3.1, was observed in two out of six patients (33%) who 

relapsed during follow-up, and in 21 out of 66 patients (32%) who 
remained in clinical remission (p = 0.94).

Median fecal calprotectin levels at baseline were significantly 
higher for patients who had a relapse during follow-up as compared 
with patients who remained in remission (284 mg/kg interquartile 
range 69–1 697 vs. 37 mg/kg, interquartile range 20–131, p < 0.01). 
Fecal calprotectin was found to be associated with an increased 
risk of relapse after adjusting for several potential risk factors for 
relapse, such as maximal Geboes score, type of IBD, smoking sta-
tus, gender and disease extent (adjusted hazard ratio 1,001 (95% CI 
1.000–1.002) p = 0.01).

The ROC curve showed that a baseline fecal calprotectin cut-off 
value of 56 mg/kg could predict the absence of relapse during follow-
up with 64% sensitivity, 100% specificity, 100% positive predictive 
value (PPV) 21% negative predictive value (NPV) and an area under 
the curve (AUC) of 0.85 (Figure 3). A  cut-off value of 228 mg/kg 
identified patients that maintained clinical remission with 87% 
sensitivity, 67% specificity, 97% PPV and 31% NPV. A  maximal 
Geboes score of 3.1 or higher could predict the absence of relapse 
with a 68% sensitivity, 33% specificity, 92% PPV, 9% NPV and an 
AUC of 0.51.

4. Discussion

The therapeutic goal in IBD patients has recently shifted from symp-
tom control to the combination with mucosal healing, because this 
has been found to better predict long-term remission and prevent 
hospitalizations and surgeries.1–3 The present study shows that low 
fecal calprotectin levels in IBD patients with endoscopic mucosal 
healing are associated with a very low risk of relapse compared with 
patients with high calprotectin.

The term ‘deep remission’ has recently been coined to indicate 
a condition in which patients are in clinical, endoscopic and sero-
logical remission. For CD, this might be defined as a CDAI score of 
<150, a CRP level <5.0 mg/L and complete mucosal healing upon 
endoscopy, while for UC ‘clinical remission’ and ‘mucosal healing’ 
has been proposed.16 The fact that low levels of calprotectin com-
bined with mucosal healing further reduce the risk of relapses in 
the current study supports the concept of ‘deep remission’ and of 
incorporating calprotectin as a defining parameter.

We report here that calprotectin identifies patients who relapse 
during follow-up with 100% sensitivity and 64% specificity. 
This is in line with several previous studies combined in a recent 
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Figure 2. Calprotectin levels of patients stratified according to the maximal 
Geboes score. One patient with a calprotectin level of 4 609 mg/kg was set at 
1 000 mg/kg in this graph.

Table 2. Correlation coefficients between the histological score for 
each of the Geboes features and fecal calprotectin levels.

Correlation coefficients

UC/IBD-unclassified 
patients (51)

CD patients  
(21)

Architectural distortion −0.11 0.21
density of inflammatory 
infiltrate

−0.04 0.22

density of eosinophils  
in the lamina propria

0.10 −0.01

density of neutrophils  
in the lamina propria

0.01 0.22

the presence of neutrophils 
in the epithelium

−0.02 0.30

crypt destruction −0.05 0.27
mucosal damage −0.03 NA

All correlations have a p-value >0.05 (Spearman rank correlation test).

Table 3. Linear regression analysis with ln calprotectin as the de-
pendent variable.

Regression coefficient 
(95% CI)

p-value

Male gender −0.40 (−1.08–0.28) 0.44
UC and IBD-U (vs. CD) −0.40 (−1.21–0.41) 0.76
Extensive colitis 0.29 (−0.37–0.94) 0.38
Duration of IBD, years 0.002 (−0.03–0.04) 0.40
Smoking −0.41 (−1.26–0.45) 0.35
5-ASA use 0.50 (−0.23–1.23) 0.18
Thiopurine use −0.11 (−0.73–0.51) 0.72
Anti-TNF use −0.35 (−1.33–0.63) 0.48
History of upper  
gastrointestinal disease

0.48 (−0.75–1.72) 0.44

Maximal Geboes score 0.22 (−0.13–0.57) 0.21
Post-inflammatory polyps −0.20 (−0.84–0.46) 0.56
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meta-analysis.13 The studies incorporated in this meta-analysis only 
included patients in clinical remission, however, since no attempts 
were made to confirm mucosal healing endoscopically. Therefore, 
persistent inflammation already present at baseline could explain 
the elevated calprotectin levels among patients that relapsed in these 
studies.

In the current study, a fecal calprotectin cut-off level of 56 mg/
kg offered the best diagnostic accuracy for identifying patients who 
remained in stable remission during follow-up. This is substan-
tially lower than the calprotectin cut-off levels reported in previous 
studies, ranging from 130–340 mg/kg.17–22 Since we only included 
patients with complete mucosal healing, this discrepancy can prob-
ably be attributed to undetected disease activity in patients in whom 
baseline colonoscopy was not performed. Another explanation 
might be that we used a different calprotectin assay, although there 
was an excellent correlation between this assay and the widely used 
Buhlmann assay.

We were unable to substantiate our hypothesis that elevated 
calprotectin levels in patients with endoscopic mucosal heal-
ing are caused by histological disease activity. Although 32% 
of patients indeed had active histological inflammation, their 
calprotectin levels were similar to patients without histologi-
cal inflammation. This contrasts with two previous studies in 
which significant correlations between histological inflammation 
and calprotectin levels were found, although these studies both 
reported stronger correlations between endoscopic inflammation 
and calprotectin.23,24 These differences can be explained by the 
exclusion of patients with any endoscopic sign of inflammation 
from our study, which resulted in a limited range of histological 
inflammation.

The elevated calprotectin levels in patients in endoscopic and 
histological remission could also be the result of a proximal mani-
festation of Crohn’s disease, non-steroidal anti-inflammatory drug 
(NSAID)-induced enteropathy or other inflammatory disorders of 
the upper gastrointestinal tract.25,26 Although we did not perform 
imaging studies to exclude upper gastrointestinal CD, we do not feel 
this influenced the results to a large extent, since only one CD patient 
had a history of upper GI involvement. NSAID-use was allowed in 
our study, but since only three patients used NSAIDs in the two 
weeks prior to the colonoscopy, this could only have affected our 
results marginally. Of note, calprotectin levels did not differ between 
NSAID users and non-NSAID users. Finally, sampling error might 
have resulted in an underestimation of the grade of histological 
inflammation, especially in CD patients. The same holds true for 

the endoscopic grading of inflammation, since the endoscopist could 
have missed skip lesions of inflammation, potentially explaining 
the higher calprotectin levels. We also checked whether duration 
of disease, disease extent, presence of post-inflammatory polyps, 
medication use, smoking, or history of upper gastrointestinal dis-
ease correlated with calprotectin levels in our study, but this was 
not the case.

We could not confirm the previously reported association 
between histological disease activity and the risk of relapse.27–29 
This may have been due to different scoring systems and the rela-
tively small number of patients developing a relapse in our study. 
Furthermore, only 23 patients had active histological inflamma-
tion, limiting the power of our study and therefore our claim that 
histological disease activity is not associated with risk of relapse. 
Although the Geboes scoring system was used in several previ-
ous studies, it was not previously validated as a tool to predict 
relapses in IBD.

In addition to the small number of patients that relapsed, there 
are several other limitations that need to be addressed. First, although 
calprotectin proved to be a sensitive marker for relapses during fol-
low-up, the low PPV of 20% is a limitation and does not justify 
step-up therapy solely based on calprotectin levels. Second, mucosal 
healing was defined using the Mayo score, which is not validated 
for patients with CD. Third, only IBD patients undergoing surveil-
lance colonoscopy were included in the current study, and therefore 
these results cannot be extrapolated to the general IBD population. 
Fourth, we did not employ a strict follow-up regimen with clinical 
activity indices, but instead relied on clinically evident relapses. This 
might have caused an underestimation of the real relapse rate, since 
mild relapses might not have been reported by the patients.

In conclusion, this study shows that calprotectin can identify IBD 
patients that remain in stable remission during follow-up. Whether 
step-up therapy will benefit patients in remission with increased fecal 
calprotectin levels in the long run is yet to be determined.
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