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Abstract

Background and aims: This prospective multicenter study examined whether elevated fecal calprotec
tin (FC) concentrations after stopping TNFαblocking therapy can predict clinical or endoscopic relapse. 
In addition, we evaluated the impact of histological remission on the relapse risk.
Methods: We enrolled inflammatory bowel disease (IBD) patients who were in clinical, endoscopic, 
and FCbased (< 100 μg/g) remission after a minimum 11 months of TNFαblocking therapy. The 
patients were followedup for 12 months after the discontinuation of TNFαblocking therapy. FC 
was collected monthly for the first 6 months and thereafter every second month. Ileocolonoscopy 
was performed at inclusion, at 4 months, at the study end, and at the time of clinical relapse.
Results: Of 52 enrolled patients, 49 (16 Crohn's disease, 33 ulcerative colitis/IBD unclassified) 
provided the stool samples requested and comprised the study group. During the followup, 15/49 
(31%) relapsed, whereas 34 (69%) remained in remission. Patients relapsing showed constantly 
elevated FC levels for a median of 94 (13–317) days before the relapse. Significant increase in 
median FC levels was seen 2 (p = 0.0014), 4 (p = 0.0056), and 6 (p = 0.0029) months before endoscopic 
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relapse. Constantly normal FC concentrations during the followup were highly predictive for 
clinical and endoscopic remission. Normal FC concentrations in patients with remission were 
associated with histological remission.
Conclusion: FC seems to increase and remain elevated before clinical or endoscopic relapse, 
suggesting that it can be used as a surrogate marker for predicting and identifying patients 
requiring close followup in clinical practice.

Keywords: Crohn's disease; Ulcerative colitis; TNFα-blocking therapy; Histology; Fecal biomarkers

1. Introduction

Crohn's disease (CD), ulcerative colitis (UC), and inflammatory bowel 
disease unclassified (IBDU) are chronic conditions characterized by peri-
ods of remission and episodes of relapse. Commonly, clinical relapses in 
IBD, especially in CD, are unpredictable. Despite a clinically successful 
treatment, subclinical smoldering, endoscopically detected inflamma-
tion may lead to significant risk of relapse. Several studies have shown 
that the assessment of subclinical inflammation, using surrogate mark-
ers such as fecal calprotectin (FC), may indicate clinical relapse risk in 
asymptomatic IBD, especially in UC and colonic CD.1,2 FC, a biomarker 
of intestinal inflammation, is secreted into the intestinal mucosa during 
cell activation and death from activated leukocytes, mainly polymor-
phonuclear neutrophils, and can be detected in stool along the leukocyte 
shedding in the intestinal lumen.3,4 FC correlates well with the excre-
tion of indium 111-labeled fecal leukocytes.5 FC measurement is easy 
to perform, safe, and simple for the patient and therefore very useful in 
clinical practice. Importantly, FC correlates well not only with clinical 
disease activity but also with endoscopic and histological inflammation 
in IBD patients.6–9 Furthermore, low FC levels are closely associated 
with mucosal healing and therefore endoscopic and histological healing 
could be determined by assessment of FC in a simple stool test.10 FC has 
also been studied as a predictor of clinical relapse in CD patients achiev-
ing remission with infliximab induction only, but the median FC levels 
at week 14 were similar in patients with and without clinical relapse.11 
However, we previously showed that a normal FC concentration after 
induction therapy with tumor necrosis factor α (TNFα)-blocking ther-
apy predicts sustained clinical remission in the majority of IBD patients 
on scheduled therapy for active luminal disease.12 Approximately 50% 
of IBD patients on scheduled maintenance therapy achieve both clinical 
and endoscopic remission13 and could be candidates for cessation of 
anti-TNFα-therapy. After stopping TNFα-blocking therapy, a consider-
able risk of IBD relapse exists. In our recent study, however, only a third 
of IBD patients in deep remission at the time of cessation of TNFα-
blocking therapy experienced either an endoscopic or both a clinical 
and endoscopic relapse within 1 year.14 A biomarker that could reliably 
identify relapsers during the subclinical phase could enable restart of 
therapy before symptomatic relapse occurs. In this study, we evaluated 
the role of FC in serving as such a biomarker.

Thus, the aim of this study was to determinate whether FC concen-
trations after stopping TNFα-blocking therapy in IBD patients with 
deep remission can predict clinical or endoscopic relapse. In addition, 
we evaluated whether the presence of histological inflammation at the 
time of cessation of TNFα-blocking therapy, despite clinical, endo-
scopic and FC-based remission, was an indicator of a relapse risk.

2. Materials and methods

2.1 Patients
Fifty-two patients with IBD (17 CD, 30 UC and 5 IBDU) in clinical, 
endoscopic, and FC-based remission (FC < 100 μg/g), were recruited 

in this prospective Finnish multicenter study between February 
2010 and June 2012. Eligible patients were over 18  years of age, 
had established IBD diagnoses, had received TNFα-blocking mainte-
nance therapy for at least 11 (median 16, range 11–78) months, and 
had been in corticosteroid-free remission over the previous 6 months 
before the inclusion. The maintenance therapy was unaltered during 
the prospective follow-up after discontinuation of TNFα-blocking 
therapy. The exclusion criteria included escalation of TNFα-blocking 
agents during the last six months, history of relapse after stopping 
TNFα-blocking agents, perianal disease with no other effective 
medication available, severe arthritis as a concomitant indication for 
TNFα-blocking therapy, and pregnancy.

2.2 Study design
At baseline, the clinical and demographic data were collected and 
all patients underwent an ileocolonoscopy. After cessation of TNFα-
blocking therapy, the patients were followed up until relapse or up to 
12 months. The relapse rates were published in our previous study.14 
Control visits with clinical activity assessment were performed every 
4 weeks up to six months and thereafter every 2 months up to the 
end of the study. At every visit, the patients were asked to provide a 
stool sample for FC. Endoscopic assessment of disease activity was 
performed routinely at 4 and 12 months after the drug withdrawal. 
Additional visits were made if the patients experienced a clinical 
relapse between the routine follow-up contacts. In case of a clinical 
relapse, the patients provided a stool sample for measurement of FC 
and underwent an ileocolonoscopy. The endoscopy was not repeated 
in patients who had undergone the routine follow-up ileocolonos-
copy within 2 months prior to clinical relapse and the endoscopic 
disease activity had been at least moderate (see below).

2.3 Clinical and endoscopic criteria for remission 
and relapse
In CD, clinical activity was assessed by the Harvey Bradshaw Index 
(HBI)15 and the endoscopic activity by the Simple Endoscopic Score 
for Crohn's Disease (SES-CD).16 Clinical remission was defined as 
HBI ≤ 4 and clinical relapse as HBI ≥ 8 or an increase of > 3 points in 
HBI to at least an HBI of 5 points.17 An SES-CD of 0–2 was defined 
as remission, 3–6 as mildly active disease, 7–15 as moderately active 
disease, and ≥ 16 as severely active disease.18,19

In UC or IBDU, disease activity was assessed, using the Mayo score.20 
Clinical remission was defined as a partial Mayo score (without endo-
scopic subscore) = 0 and clinical relapse as a partial Mayo score ≥ 3.20 
For the Mayo endoscopic subscore, endoscopic findings were graded as 
normal (0), mild (1), moderate (2), or severe (3); a subscore of 0–1 was 
defined as remission and a subscore of ≥ 2 as active disease.21

2.4 Histological assessment of disease activity
During all endoscopies, biopsy specimens were taken from the 
ileum, right, transverse and left colon, and rectum. The biopsies were 
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collected from the most severely diseased areas or, if no lesions were 
present, from random sites in each segment. Routine histology was 
performed on these specimens stained with hematoxylin and eosin. An 
experienced pathologist (A.R.) scored all histological findings of each 
segment, according to a score developed for CD22 and UC findings21.

CD scoring consisted of epithelial damage (normal  =  score 0, 
focal pathology = 1, extensive pathology = 2); architectural changes 
(normal  =  0, moderately, as <  50% disturbed  =  1, or severely, as 
> 50% disturbed = 2); infiltration of mononuclear cells in the lamina 
propria (normal  =  0, moderate increase  =  1, severe increase  =  2); 
polymorphonuclear cells in the lamina propria (normal = 0, moder-
ate increase = 1, severe increase = 2); polymorphonuclear cells in the 
epithelium (if in the surface epithelium = 1, if cryptitis = 2, if a crypt 
abscess is present = 3); presence of erosion or ulcers (no = 0, yes = 1); 
and presence of granuloma (no  =  0, yes  =  1).22 One modification 
to the original scoring was made: the number of biopsy specimens 
affected was not graded. The ileal and colonic scores were counted 
separately; the sum of the total scores for each four colonic segments 
represented the total colonic histological activity. The maximum 
score for the ileum was 13 and for the colon 52. Higher scores indi-
cate more severe histological inflammation. In this study, histological 
remission was defined as no polymorphonuclear cells in the lamina 
propria or in the epithelium and histological relapse was defined as 
the sum of these two scores ≥ 1.

UC scoring consisted of structural changes (normal  =  score 0, 
mild abnormality = 1, mild or moderate diffuse or multifocal abnor-
mality = 2, severe diffuse or multifocal abnormality = 3); chronic 
inflammatory infiltrate (normal  =  0, mild increase  =  1, moder-
ate increase  =  2, marked increase  =  3); infiltration of neutrophils 
in the lamina propria (normal  =  0, mild increase  =  1, moderate 
increase  =  2, marked increase  =  3); neutrophils in the epithelium 
(none = 0, < 5% crypts involved = 1, < 50% crypts involved = 2, 
> 50% crypts involved = 3); presence of crypt destruction (none = 0, 
probable — local excess of neutrophils in part of crypt = 1, probable 
— marked attenuation = 2, unequivocal crypt destruction = 3); and 
presence of erosion or ulceration (no = 0, recovering epithelium = 1, 
probable erosion = 2, unequivocal erosion = 3, ulcer or granulation 
tissue = 4).21 Two modifications to the original scoring were made: 
the infiltration of eosinophils in the lamina propria was not graded 
and the scores range from 0 to 4, with higher scores indicating more 
severe histological inflammation. The maximum score was 76. In 
this study, histological remission was defined as no neutrophils in 
the lamina propria or in the epithelium and histological relapse was 
defined as the sum of these two scores ≥ 1.

2.5 Stool samples for fecal calprotectin assays
Prior to inclusion, all patients had an FC concentration < 100 μg/g, 
the value quoted as normal in our laboratory.23 The stool samples 
were stored at − 20 °C until measurement of FC. FC was assayed by 
a quantitative enzyme immunoassay (CALPRO Calprotectin ELISA 
Test (ALP); CALPRO AS, Lysaker, Norway).

2.6 Statistics
For data analyses, we used the Statistical Package for the Social 
Sciences (SPSS version 17.0 and PASW 18)  for Windows software 
(SPSS, Chicago, IL, USA). The Wilcoxon signed rank test was used 
to test the differences between related variables and the Mann–
Whitney U-test and the T-test were used to test the differences 
between independent variables. Spearman's rank correlation coef-
ficient (rho) was used in correlation analysis between continuous 
variables. Significance was set at p < 0.05. Kaplan–Meier survival 

analysis served for estimation of relapse-free survival rates, and the 
log-rank test was used to determine differences between the groups. 
The cutoff value for FC in predicting the outcomes was calculated, 
using receiver–operator characteristic (ROC) curve analysis. The 
optimized cutoff level, by maximizing Youden's index, offered the 
best combination of sensitivity and specificity. The generalized linear 
mixed effects model was used to calculate the estimated FC level at 
relapse in different groups. The FC values are presented as medians 
and range and calculated at individual time points.

2.7 Ethical statement
The Ethics Committee of Helsinki University Central Hospital (num-
ber 348/13/03/01/2009) and the ethics committees at each partici-
pating university central hospital approved the study protocol and 
all documents. All patients attending this study signed an informed 
consent form. Research study permission number 195/2009 was 
received from the Department of Medicine, Helsinki University 
Central Hospital in December 2009.

3. Results

The patient characteristics are shown in Table 1. For further analyses, 
the subgroups of UC and IBDU were pooled. Of 52 enrolled patients, we 
excluded three (one CD, two UC) from the final analysis, due to lack of 
follow-up FC samples. Of 49 patients, 15 (31%, 4 CD, 11 UC) relapsed 
during the 1-year follow-up and 34 (69%, 12 CD, 22 UC) remained 
in remission. The mean time after the last TNFα-blocker dose (inflixi-
mab n = 14, adalimumab n = 1) to relapse in all patients was 5 (range 
2–15) months, in CD 5 (range 3–12) months and in UC 9 (range 2–15) 
months. Of relapses, nine (60%, two CD, seven UC) were both clini-
cal and endoscopic relapses, whereas two (13%) were only endoscopic 
(severe endoscopic findings in asymptomatic CD patients). Furthermore, 
four UC patients experienced clinical relapse, with mild endoscopic 
activity (Mayo score 1) not fulfilling the predefined criteria for endo-
scopic relapse, but were considered as relapsers (severe symptoms + mild 
activity). There was no clinical relapse found without signs of endoscopic 
activity. Furthermore, no infections were reported during the follow-up.

3.1 FC concentrations and relapse
The median FC values during the follow-up period are shown in Fig. 1. 
Compared with the baseline FC, patients with relapse (n = 15) had 
elevated and significantly higher median FC concentration 6 months 
(120 μg/g, 0–431, n = 6, p = 0.0029), 4 months (108 μg/g, 7–650, n = 8, 
p = 0.0056), and 2 months (120 μg/g, 0–1867, n = 15, p = 0.0014) 
before the clinical relapse. Importantly, once FC was elevated in the 
group of patients with relapse, it remained elevated until clinical or 
endoscopic relapse occurred. Of 15 relapsers, two patients (13%) with 
clinical relapse had normal FC levels in all samples provided prior to 
relapse and also at relapse (one ileal CD and one UC patient with FC 
of 90 μg/g and no response to restart of therapy and a future panpro-
ctocolectomy within 2 months). On the other hand, three UC patients 
having normal FC levels in all samples provided prior to relapse had 
elevated FC levels at relapse (266 μg/g, 188–789). Another two UC 
patients had transiently abnormal FC levels 1–2 months before clini-
cal relapse, but provided normal FC (< 100 μg/g) at the moment of 
relapse. The CD patient with ileal relapse had no elevation in FC 
levels during the follow-up. ROC analysis indicated that a cutoff of 
> 140 μg/g in mean FC values during the six months before the relapse 
could predict relapse with a 79% specificity and a 53% sensitivity. 
This analysis indicated also that FC > 200 μg/g measured 2–4 months 
before clinical relapse could predict relapse with 83% specificity and 
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50% sensitivity. The generalized estimating equation model showed 
that at relapse, patients with relapse had higher FC levels (estimated 
199 μg/g, 95% CI 103–386 μg/g) than nonrelapsers at the end of the 
follow-up (49 μg/g, 95% CI 35–69 μg/g). Patients with relapse also 
showed a significant time-dependent increase in FC values before the 
relapse; the estimated value at 8 months before the relapse would be 
35 μg/g (95% CI 17–73 μg/g) increasing to the above-mentioned value 
of 199 μg/g at relapse (Table 2). When the relapse rates in patients 
with FC concentration under 50 μg/g and 50–100 μg/g at baseline 
were compared, no difference was found (10/27 [37%] versus 5/22 
[23%], p = 0.325). When comparing median hemoglobin (Hb), CRP 
and platelet (PLT) levels at baseline and at the time of relapse, a signifi-
cant difference was found in CRP and PLT levels (0 [0–1] vs 4 [0–38] 
mg/L, p = 0.007 and 246 [188–408] vs 268 [201–364] E9/L, p = 0.008 
respectively), but not in Hb levels (139 [127–171] vs 136.5 [128–160] 
g/L, p = 0.242). The elevation of CRP correlated also with the eleva-
tion of FC during the follow up (Spearman's rho 0.708, p = 0.01).

3.2 FC concentrations in the remission group
In the remission group, 12/34 patients (35%) had normal FC meas-
urements throughout the study and 22/34 patients (65%) had at least 
one elevated FC level (˃100 μg/g) during the follow-up. Interestingly, 
the elevation in FC concentration appeared to be transient in the 

majority of patients (18/22, 82%). Eight patients (three UC and 
five CD) had two or more subsequently elevated FC concentrations 
and four of these patients (two UC and two CD) reported mild, 
but prolonged clinical symptoms. However, the clinical symptoms 
did not occur simultaneously with the elevated FC measurements. 
Furthermore, mild symptoms not fulfilling the relapse criteria also 
appeared in 10/12 (eight UC and four CD) of the patients having 
normal FC values throughout the study. The median FC level was 
significantly higher only during the last 2 months of the follow-up 
(49 μg/g, 0–730, p = 0.0445).

3.3 Histological score at baseline and FC
The histological scores are presented in Fig. 2. Of 49 specimens, 40 
(82%) showed no signs of histological inflammation at baseline, 
whereas mild infiltration of neutrophils in the lamina propria or the 
epithelium appeared in four patients (8%) and moderate inflamma-
tion in five specimens (10%). The histological examination at base-
line showed mild to moderate architectural abnormalities in 17 of 
49 patients (35%) and basal plasmacytosis in 15 (31%) patients. 
The median histology score in patients who relapsed was equal with 
those who remained in remission (p = 0.324). There was no signifi-
cant difference found in the relapse rate in patients with acute or 
chronic inflammatory infiltrate at baseline compared to those who 

Table 1. Patient characteristics at baseline

Characteristic Crohn's disease n=16 Ulcerative colitis/inflammatory bowel disease unclassified n=33

Gender (female/male) 9/7 14/19
Age at disease onset (median, range) 23 (13–42) 26 (8–45)
Age at TNFα-blocker induction (median, range) 32 (15–52) 32 (13–58)
Active smoker, n (%) 4 (25) 4 (12)
Disease duration (years, median, range) 9 (3–25) 6 (1–35)
Disease behavior (Mb Crohn), n (%)
Inflammatory (B1) 10 (63)
Stricturing (B2) 4 (25)
Penetrating (B3) 1 (6)
B1±perianal disease 0
B2±perianal disease 1 (6)
B3±perianal disease 0
Disease location Ileum (L1) 1 Proctitis 0

Colon (L2) 4 Left colon 14
Ileocolon (L3) 11 Extensive colitis 19

Previous surgical resection, n (%) 8 (50)
TNFα-blocking therapy, n (%)
Infliximab 11 (69) 33 (100)
Adalimumab 5 (31)
Concomitant medications, n (%)
Mesalazine 3 (19) 3 (9)
Azathioprine/6-MP 7 (44) 12 (36)
Azathioprine/6-MP+mesalazine 4 (25) 17 (52)
Methotrexate+mesalazine 1 (6)
Biologic variables (median, range)
Hemoglobin level (g/L) 135 (109–171) 142 (121–167)
Leukocyte count (10 * 9/L) 5.1 (3.2–10.7) 4.7 (2.8–8.4)
Platelet count (10 * 9/L) 256 (173–437) 248 (118–408)
CRP (mg/L) <3 (<3–16) <3 (<3–14)
Fecal calprotectin (μg/g) 52 (7–81) 34 (3–97)
Activity indices (median, range)
HBI 0 (0–4)
SES-CD 0 (0–2)
Partial Mayo score 0 (0–1)
Endoscopic Mayo score 0 (0–1)

6-MP: 6-Mercaptopurine; HBI: Harvey–Bradshaw Index; SES-CD: Simple Endoscopic Score for Crohn's Disease.
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had no signs of inflammation in biopsy specimens (p = 0.221) and 
the median histology score in patients who relapsed was equal to 
those who remained in remission (p = 0.324). At 4 months ileoco-
lonoscopy was performed in 41 patients. There was no significant 
difference found in the relapse rate in patients with acute or chronic 
inflammatory infiltrate (p = 0.223). At relapse, 3/15 patients (20%) 
showed mild infiltration of neutrophils in the lamina propria or epi-
thelium in biopsy specimens, 9/15 patients (60%) moderate inflam-
mation, and 2/15 (13%) severe inflammation. Only one CD patient 
with endoscopic ileitis had normal biopsy specimens. Of patients in 
remission at 12 months after cessation of TNFα-blocking therapy, 
31/34 underwent ileocolonoscopy and showed either histological 
remission (24/31, 77%) or only mild histological inflammation in 
specimens (7/31, 23%). Of the 24 patients in full histological remis-
sion, 18 provided a stool sample for FC measurement. The majority 
(16/18, 89%) of these patients had normal (<  100  μg/g) FC con-
centration (34 μg/g, range 0–178), whereas less than half (40%) of 
the patients having mild inflammatory activity had normal FC lev-
els (156 μg/g, range 57–340, n = 6). A significant difference in the 
median FC levels was found between these two groups, p = 0.016. 
No difference was found in the relapse rate between patients hav-
ing FC under 50 μg/g and no inflammatory activity in specimens at 
baseline, compared with the others (p = 0.723).

4. Discussion

In this prospective study, a continuously elevated FC concentra-
tion measured after cessation of TNFα-blocking therapy predicted 
clinical and endoscopic relapse. Patients who remained in clinical 
remission more often had normal FC concentration (< 100 μg/g) or 
only transiently elevated FC during the follow-up than patients who 
experienced clinical or endoscopic relapse. Normal FC concentra-
tions in patients with clinical and endoscopic remission were strongly 
associated with histological remission. Nevertheless, histological 

inflammation at the time of cessation of TNFα-blocking therapy did 
not predict relapse. On the other hand, a rising histological score 
seems to predict relapse after stopping of TNFα-blocking therapy.

To the best of our knowledge, this is one of the first studies 
to demonstrate the predictive value of FC after stopping TNFα-
blocking therapy in IBD patients in deep remission with clinical 
outcome also documented endoscopically. The observational, pro-
spective STORI trial is the largest study exploring the duration of 
remission in CD after discontinuation of TNFα-blocking therapy.24 
In contrast to our study, in which a normal baseline FC concen-
tration was an inclusion criterion, the FC values at baseline in the 
STORI trial were elevated up to 318 μg/g in some patients, and an 
FC value above 300 μg/g was an independent factor associated with 
relapse. The preliminary data from the STORI trial on CD indicate 
that FC may be equal to endoscopic assessment in predicting the 
risk of relapse after cessation of TNFα-blocking therapy, and that 
FC begins to increase 4–6 months before the clinical relapse, and 
that the therapeutic strategy could by adapted by measuring these 
markers every 3–4 months.25 In other published studies on outcome 
after discontinuation of TNFα-blocking therapy, FC measurement 
was not included.26–28

Since FC concentration is a reliable parameter of mucosal inflam-
mation activity in IBD,3 it has also appeared to be a good marker 
for predicting clinical relapse.1,29–32 In a pioneer study, Tibble et al.1 
found that in IBD clinical remission, an elevated FC concentration 
predicts clinical relapse in both CD and UC. This ability of a sin-
gle FC concentration to predict clinical relapse in IBD patients with 
clinically quiescent disease was examined in several further stud-
ies.29–33 A recent meta-analysis of these prospective studies showed 
a pooled sensitivity of 78% and a specificity of 73% for FC in pre-
dicting IBD relapse, especially in ileocolonic and colonic CD and 
UC, demonstrating the usefulness of a simple and noninvasive FC 
test in predicting relapse in quiescent IBD patients.2 Furthermore, a 
large retrospective cohort of CD patients provided compelling evi-
dence that FC measurement could be used to predict disease course, 
because FC concentrations were significantly higher in patients with 
progressive CD than in those without disease progression.34 De Vos 
et al.35 recently published a study indicating that two consecutive FC 
measurements over 300 mg/kg is more specific than a single meas-
urement for predicting relapse in UC patients under maintenance 
treatment with infliximab. In their study, nearly 80% of the patients 
in sustained deep remission had at least one FC measurement over 
50 mg/kg, similar to our study in which 65% of patients in stable 
remission had at least one FC measurement over 100 μg/g during 
the follow-up. De Vos et al. suggested that rather than baseline FC 
levels, repeated measures of FC may help in adjusting therapy in 
UC patients before clinical symptoms. This incapability of predict-
ing relapse based on the baseline FC level in previous study, as well 
as in our own, is most likely due to the fact that all patients were 
in deep remission and had low FC levels (< 100 μg/g) at the time of 
inclusion. The results of our study suggest that repeatedly elevated 
FC levels predict clinical and/or endoscopic relapse, whereas mild, 
transient clinical symptoms seem to have no correlation with disease 
outcome. However, patients with ongoing clinical symptoms with 
constantly elevated FC are potentially the ones to benefit the most 
from a close follow-up. More importantly, repeated measurements 
of FC seem to be a useful noninvasive tool for monitoring patients 
without endoscopy after cessation of TNFα-blocking therapy, as the 
STORI trial indicated. A repeatedly measured normal FC concentra-
tion after stopping anti-TNFα-blocking agents seems to predict clini-
cal and endoscopic remission well. FC levels measured frequently, as 

Figure 1. FC levels in patients in sustained remission and in patients with 
relapse during the followup. Boxes indicate interquartile ranges (IQR), with 
horizontal lines indicating medians, whiskers indicating the upper and lower 
limits, points indicating values > 1.5 IQR and stars indicating values > 3 IQR.
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often as every 4 weeks, could be the most recommendable approach 
for predicting relapse considering the fairly low sensitivity of a single 
FC measurement to predict the relapse. Larger studies are needed to 
determine the optimal interval for measuring FC levels in predic-
tion of relapse, as well as to determine whether treatment could be 
restarted only by documenting repeatedly elevated FC levels during 
the follow-up.

The impact of histological healing among IBD patients treated 
with TNFα-blocking therapy is still to some extent unknown. Over a 
decade ago, Sandborn et al.15 stated that the assessment of histologi-
cal disease activity as a treatment endpoint is not recommended, due 
to uncertainty in the significance of histological disease activity, the 
locality of CD inflammation, and the potential for sampling error. 
Histological changes usually stay behind clinical and endoscopic 
improvement and, hence, have very little clinical relevance in deci-
sion making. More recently, D'Haens et al.21 stated that histological 
remission should be considered as a secondary endpoint, at least in 
clinical trials and the scoring system for histological abnormalities 
should be used. Importantly, the endpoints for histological remission 
are still lacking and should be well-defined and validated. Roseth 
et al.10 demonstrated that patients with low FC values more often 
have normal histological findings, which was also seen in our study 
here and previously.36 Low-grade infiltration of inflammatory cells 
in the lamina propria at the time of cessation of TNFα-blocking 
therapy does not impact the relapse rate.

In our study, over half of the patients in stable remission had 
some variation in FC level during the follow-up (range 0–730 μg/g). 

A daily variation in FC excretion in serial samples was demonstrated 
in an adult population with or without IBD.5,37 However, a recent 
study in a large cohort of clinically quiescent CD patients showed 
a fairly low daily variation in FC concentrations obtained over 3 
consecutive days.38 The use of nonsteroidal anti-inflammatory drugs 
(NSAIDs) affects FC levels.39 The regular use of NSAIDs was reg-
istered at baseline, but not during the study, which may to some 
extent have impacted the FC levels in the present study. In our study, 
up to 27% of patients had normal FC levels at the time of clinical 
and endoscopic relapse; 75% (3/4) of these patients showed marked 
elevation of FC levels during the follow-up and could have been 
detected by closer monitoring, as previously recommended.

We are aware of the weaknesses in our study. The patient group 
was limited and heterogeneous. We included both CD and UC 
patients regardless of localization, behavior, or duration of disease. 
Moreover, the stool samples for FC measurements were provided 
every month for only over the first 6 months and thereafter every 
2  months. More concise intervals for follow-up samples would 
have been more accurate, but probably more inconvenient for the 
patients. In addition, several patients failed to provide stool samples 
according to the study protocol. Clinical scoring and endoscopic 
scoring were performed by several experienced gastroenterologists, 
making some interobserver variability in the scoring system possi-
ble. Unfortunately, rescoring of the endoscopies was not possible. 
However, the strength of this study is that ileocolonoscopies with 
histological biopsy specimens were included in the follow-up proto-
col. At the end of this study, some patients in remission had rising FC 

Figure 2. The comparison of median histological scores during the followup. Numbers below the histogram showing the median histological score at baseline, 
at 4 months, 12 months and at the time of relapse.p < 0.05*** (Mann–Whitney U test) comparisons of median FC levels between remissiongroup and relapse
group.

Table 2. General estimating equation model for fecal calprotectin.

Parameter 95% CI

Estimate Lower Upper p

Intercept 1.695 1.550 1.839 <0.0001
Relapse 0.606 0.359 0.853 <0.0001
Time before relapse or end of followup 0.017 0.032 0.001 0.037
Relapse⁎Time interaction 0.078 0.128 0.028 0.002

Time at relapse is 0 and time before relapse is counted as negative.
Model: log (calprotectin)=intercept+β1⁎relapse+β2⁎time+β3⁎time⁎relapse, were βs are parameters for each variable.
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levels possibly reflecting a later clinical relapse after the 12-month 
study follow-up period.

In conclusion, FC seems to increase and remain elevated as early 
as 6 months before clinical or endoscopic relapse, which makes it a 
useful surrogate marker for predicting relapse in patients with IBD 
and identifying patients requiring a close follow-up in clinical prac-
tice. Transient variation in FC concentrations in patients with stable 
remission occurs frequently. Constantly normal FC has a high posi-
tive predictive value for clinical and endoscopic remission.
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