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Can faecal calprotectin predict
relapse in inflammatory bowel
disease: a mini review

T S Chew, J C Mansfield

ABSTRACT
Crohn’s disease and ulcerative colitis are chronic
inflammatory disorders affecting the
gastrointestinal tract. Faecal calprotectin is a
protein complex of the S-100 family of calcium-
binding proteins present in inflammatory cells that
can be measured in stool samples, which act as a
biomarker for bowel inflammation. Elevated faecal
calprotectin has been shown to reflect the
presence of ongoing mucosal inflammation, which
improves with mucosal healing. The aim of this
review was to evaluate the available evidence on
the ability of faecal calprotectin to predict a relapse
in inflammatory bowel disease. Multiple
retrospective studies have shown that patients who
relapse have significantly higher levels of
calprotectin in their stool compared with non-
relapsers, especially in ulcerative colitis. Elevated
faecal calprotectin postoperatively in Crohn’s
disease was also shown to be indicative of a
relapse. However, the association of a raised faecal
calprotectin and relapse is not universal and may
be explained by the different patterns of mucosal
inflammatory activity that exist. In conclusion, we
put forward our hypothesis that changes such as a
rise in faecal calprotectin levels may be more
predictive of a relapse than absolute values.

INTRODUCTION
Inflammatory bowel diseases (IBD) com-
prising Crohn’s disease (CD) and ulcera-
tive colitis (UC) are chronic inflammatory
disorders primarily affecting the gastro-
intestinal tract (GI).1 Both CD and UC
are distinguished by their different
phenotypic expression of inflammation in
the GI tract but share the pattern of activ-
ity common to many inflammatory disor-
ders of a chronic-progressive or
relapsing-remitting inflammation.
Faecal calprotectin (FC) is a protein

complex of the S-100 family of calcium-
binding proteins present in neutrophils,
monocytes and macrophages. It is stable

for measurement by quantitative assays in
stool, which act as a biomarker for bowel
inflammation that is non-invasive and
cost-effective.2 There is good evidence of
its use to distinguish functional bowel
symptoms from those with an inflamma-
tory origin3 4 as well as act as a surrogate
biomarker of mucosal healing.5 While FC
has an established role in identifying the
presence of bowel inflammation at the
time of testing, its ability to predict
future relapse in IBD is less clear. This
review aims to look at the evidence of
FC’s role in predicting future relapse and
challenge our perceived ideas about the
pattern of inflammatory activity in the
natural history of IBD.
A patient’s bowel symptoms are often

subjective and poorly reflect disease activ-
ity, which requires validation with objective
tests such as serum inflammatory markers,
faecal antigens, endoscopy and radiological
imaging. However, even colonoscopic and
histological evaluation of inflammation can
be subjective and can be made more object-
ive by using scoring systems such as the CD
endoscopic index of severity6 or one of the
22 known histological scoring systems.7

These different markers of disease activity,
that is, clinical, biochemical, endoscopic,
histological and radiological, allow assess-
ment of response and need for escalation
of treatment, since individually each
modality is susceptible to variability but
collectively they present a more robust and
objective assessment. There continues to be
a drive to identify non-invasive, cost-
effective and reliable biomarkers to assess
ongoing bowel inflammation and FC has
been seen by many to fulfil this role.
The concepts of relapse and remission

in IBD are difficult to define strictly.
There is a move away from using clinical
symptoms to define remission to the use
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of endoscopic mucosal healing. However, some argue
that mucosal healing should be assessed histologically,
while others have even suggested the use of mucosal
cytokine gene expression to define treatment success.8

For now, the gold standard remains endoscopic
mucosal healing, with good evidence that FC corre-
lates well with endoscopic mucosal healing9 10 as well
as histological scoring of inflammation.10 11 As such,
since FC correlates with mucosal inflammation, does
an elevated FC merely indicate the lack of complete
mucosal healing, which would be associated with a
clinical relapse in a model where inflammation is
chronic and progressive? However, if mucosal inflam-
mation is variable in a model of relapsing and remit-
ting activity, then an elevated FC indicative of
ongoing inflammation may not predict or progress to
a clinical relapse in a particular individual. Conversely,
a normal FC may not be protective by predicting a
lower rate of clinical relapse.

USING FC TO PREDICT RELAPSE IN CD AND UC
Many different studies (table 1) have looked at the use
of FC in predicting clinical relapse. The majority of
studies investigated patients with CD and patients
with UC in clinical remission, measuring their baseline
FC and following them up for at least 12 months to
identify patients who had a clinical relapse. Median
FC levels were compared between relapsers and non-
relapsers. The majority of studies found a statistically
higher baseline FC level in patients with CD and
patients with UC who subsequently relapsed com-
pared with those who did not. The exceptions were
the cohort of patients with CD studied by Costa
et al12 and D’Inca et al,13 Sipponen’s and Kolho’s14

paediatric patients with IBD and Laharie et al’s15

patients with CD who newly achieved clinical remis-
sion with infliximab (IFX). These findings suggest that
FC may be a better marker of colonic inflammation
since all studies in adult patients with UC were signifi-
cant in contrast to variably significant results in
patients with CD. The findings by Laharie et al15 is in
contrast to a later study by Ferreiro-Iglesias et al of
patients in remission on adalimumab (ADA)16 and
IFX17 where a difference in FC levels was found
between relapsers and non-relapsers. A crucial differ-
ence may be that the FC levels were done at week 14
of IFX treatment15 in contrast to the patients who
were in remission for at least 6 months on ADA16 and
IFX.17

The available studies (table 1) suggest a FC cut-off
for UC ranging from 120 to 300 μg/g yielding a wide
sensitivity of 31% to 100% and specificity of 63% to
98%. FC cut-offs for CD range from 130 to 340 μg/g
with a sensitivity of 28% to 100% and specificity of
43% to 95%.
An ongoing study, Fecal marker of Intestinal inflam-

mation for RElapse prediction in routine monitoring
of patients with CD (FIRE) is prospectively trying to

answer this particular question.18 FIRE is a prospect-
ive, multicentre study in Germany that follows
patients with CD in remission (Harvey–Bradshaw
Index (HBI)<5) with 3-monthly FC and HBI for up
to 2 years or when clinical relapse (HBI≥5) occurs.
From the initial results presented in abstract so far,
FIRE did not find a statistically significant difference
in FC levels relative to HBI, treatment with immuno-
suppressants, anti-tumour necrosis factor and combin-
ation treatment or whether mucosal ulceration was
present.19 Further analysis found that relapsers had
significantly higher median HBI, C reactive protein
and FC levels at baseline compared with non-relapsers
although on multivariate regression analyses only
female gender and HBI≥1 but not FC were prognostic
factors for a mild-to-severe relapse (HBI≥5).18 These
findings underpin the complexity of using FC to
predict relapse in a multifaceted disorder such as CD.

USING FC TO DETECT POSTOPERATIVE
RECURRENCE IN CD
In 2006, Orlando et al20 investigated 39 patients with
CD postoperatively with an FC at 3 months and col-
onoscopy at 1 year. A total of 19 patients had endo-
scopic recurrence at 1 year and with FC>200 mg/L,
giving a sensitivity of 63% and specificity 75% for
endoscopic recurrence. Of the 19 patients with endo-
scopic recurrence, 12 had FC>200 (true-positive),
while 7 had FC<200 (false-negative). Of the 20
patients without endoscopic recurrence, 5 had
FC>200 (false-positive), while 15 had FC<200 (true-
negative). While these findings are useful, the interval
time between FC collection at 3 months and colonos-
copy at 1 year limits the applicability of these results.
Lamb et al,21 in 2009, looked at CD recurrence in

patients treated with an ileocaecal resection. It pro-
spectively showed that in asymptomatic patients, FC
levels resolved by 2 months and stayed low. However,
in symptomatic patients, an early rise in FC at
1 month was related to postoperative complications
while a late rise at 9 months was due to CD relapse.
Additionally, this study showed that FC correlated sig-
nificantly with HBI. Long-term follow-up of these
patients showed that an elevated FC correlated signifi-
cantly with escalation of treatment or further surgery
over 5 years.22

More recently, Wright et al23 also found that FC
levels in patients with CD dropped postoperatively at
6 months, and that FC levels were higher in patients
with endoscopic disease recurrence and correlated
with severity of recurrence. Step-up treatment of
those with endoscopic recurrence resulted in reduc-
tion of FC levels at 12 and 18 months.

CAN FC PREDICT RELAPSE IN IBD?
The answer to this question is not clear. While FC has
been shown to correlate with CD Activity Index
(CDAI) and HBI scores suggestive of clinical relapse
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as shown above, this is not universal. FC also corre-
lates with endoscopic and histological scores showing
mucosal inflammation although again this is not uni-
versal. Additionally, there is no universal agreement or
‘gold standard’ of what constitutes a relapse, is it clin-
ical, endoscopic or histological? We postulate that FC
can identify but not necessarily accurately predict a
relapse.
Part of the complexity in answering this question is

the variable disease states that patients are in. These
disease states include being in remission, subclinical or
clinical relapse. Remission can be defined as clinical,

endoscopic or histological remission, while relapse
can be subclinical, with only histological changes or a
‘full house’ clinical relapse with clinical, endoscopic,
histological and imaging changes. This complexity is
further confounded by variability in the pattern of
inflammatory activity, that is, whether it is chronic
and progressive as is often the case in colonic inflam-
mation in contrast to relapsing and remitting inflam-
mation that is a feature of some of our patients with
CD (figure 1).35 In light of this, absolute FC values
may be less predictive than ΔFC that is, change in FC
levels. Deep remission with neither symptoms nor
active inflammation is strongly associated with normal
FC,32 while active inflammation in a symptomatic
individual is equally associated with very elevated FC
levels. A moderately elevated FC level may be seen in
patients with resolving inflammation (going into
remission) or in patients heading for a flare or in
patients who have ongoing elevated levels of inflam-
mation. The direction and magnitude of changes in
FC may be able to add better prediction to the use of
FC, for example, a rise in FC may herald a pending
relapse in contrast to a drop in FC that may be
protective.
We suggest a schematic representation to understand

this complexity (figure 2). In conclusion, the answer
to the question of whether FC can predict a relapse in
IBD is that it identifies inflammatory activity but is
not able to accurately predict all individuals who will
relapse. It remains to be seen whether identification
of a rising FC (ΔFC) in patients who do not have
symptoms of active disease is sufficiently predictive to
use it clinically to direct pre-emptive treatment.
Further research using the non-invasive property of
serial FC may also allow identification of factors that

Figure 1 Graphical representation of possible patterns of
mucosal inflammatory activity in inflammatory bowel disease;
adapted from Solberg et al.

Figure 2 Schematic representation of pathways between full remission and complete relapse that faecal calprotectin may be able to
predict.
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provoke subsequent inflammatory relapses in patients
in clinical remission.
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