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Abstract Patients with diagnosed inflammatory bowel
disease (IBD) will commonly experience a clinical relapse
in spite of a prolonged therapy-induced period of clinical
remission. The current methods of assessing subclinical
levels of low-grade inflammation which predispose patients
to relapse are not optimal when considering both cost and
patient comfort. Over the past few decades, much investi-
gation has discovered that proteins such as calprotectin that
are released from inflammatory cells are capable of indi-
cating disease activity. Along with C-reactive protein and
erythrocyte sedimentation rate, calprotectin has now
become part of the current methodology for assessing IBD
activity. More recently, research has identified that other
fecal and serum biomarkers such as lactoferrin, SI00A12,
GM-CSF autoantibodies, ol-antitrypsin, eosinophil-
derived proteins, and cytokine concentrations have variable
degrees of utility in monitoring gastrointestinal tract
inflammation. In order to provide direction toward novel
methods of predicting relapse in IBD, we provide an up-to-
date review of these biomarkers and their potential utility
in the prediction of clinical relapse, given their observed
activities during various stages of clinical remission.
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Introduction

Inflammatory bowel disease (IBD)—Crohn’s disease (CD)
and ulcerative colitis (UC)—arises from complex interac-
tions between genetic and environmental factors, and is
characterized by periods of remission and relapse managed
by active therapy and disease monitoring. With the main
focus of IBD treatment centered around the induction and
maintenance of clinical remission through pharmacother-
apy, there can still be low levels of inflammation present in
the human gastrointestinal tract (GIT), leading to an
increased risk of disease relapse [1]. The ability to accu-
rately predict a relapse in IBD would enable clinicians to
make alterations in pharmacotherapy and thus keep
patients in remission. Currently, CD activity and UC
activity are monitored through a combination of clinical
indices and invasive investigations such as imaging,
luminal endoscopy, and histopathology. Whilst accurate in
their ability to assess IBD activity, these investigations are
both costly and/or time-consuming, significant drawbacks
for both clinician and patient [2]. In order to manage IBD
in a less-invasive manner, there is a need for accurate
biomarkers to assess disease activity, leading to the
potential to predict relapse. To date, serological markers of
inflammation such as C-reactive protein (CRP) and ery-
throcyte sedimentation rate (ESR) are commonly used, but
they are nonspecific to IBD and still require a blood test for
sample collection [1]. Fecal biomarkers, however, are
noninvasive and generally accepted by the patient, which
gives them the potential to alleviate the above challenges in
monitoring IBD subclinical activity. Such fecal biomarkers
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are either released by activated inflammatory cells or are
cytokines, which cross the intestinal mucosa and can be
detected in fecal samples. ST00A8/S100A9, better known
as calprotectin, is to date the most well studied, and has
been shown to differentiate IBD from other pathologies of
the GIT as well as to indicate disease activity. Along with
the acute-phase proteins and calprotectin, we review here
other fecal and serum biomarkers of GIT inflammation,
such as lactoferrin and S100A12, and assess their ability to
accurately predict a relapse in IBD and thus their future
role in the clinical management of CD and UC. Quantita-
tive fecal immunochemical testing (FIT) for hemoglobin is
an alternative modality that is being considered for use in
IBD and is currently less expensive than fecal calprotectin
tests. The test gives a numerical result for the stool human
hemoglobin concentration using an antibody specific for
human hemoglobin. FIT for hemoglobin has mainly been
investigated as a method for colorectal cancer screening [3,
4]. However, recent studies indicate a future role for
quantitative occult blood testing in disease monitoring in
IBD [5-7].

Given that the aim of this review is to ascertain the
predictive value of biomarkers for IBD relapse, all attempts
have been made to focus solely on this aspect of relevant
studies. Therefore, though clinically relevant to IBD as a
whole, any studies or findings relating to remission and its
tracking will not be discussed. Along these lines, studies
that find no association between biomarkers and positive
relapse but do find one between those biomarkers and the
prediction of continued remission are discussed in minor
detail.

Methods

The systematic review was performed using PubMed/
MEDLINE up to January 2015. The search strategy used
the following search terms alone or in combination:
monitoring, biomarker, marker, surrogate, evaluation,
prediction, predictor, response, responder, healing,
recurrence, relapse, remission, management, efficacy,
outcome, flare, calprotectin, serum, fecal, faecal, blood,
lactoferrin, S100, C-reactive protein, serological, inflam-
matory bowel disease, Crohn’s disease, ulcerative colitis.
Boolean operators (“not,” “and,” “or’”) were also used in
succession to narrow or widen the search. Title, abstract,
and full article selection was performed independently by
two reviewers (JD, JODM), with conflicts resolved by
consensus adjudication. The primary outcome was to
review the clinical utility of biomarkers for the prediction
of relapses in IBD.
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Acute-phase reactants

In normal conditions, only low levels of CRP can be
detected in the blood (<1 mg/L); however, after any acute-
phase event, hepatocytes can rapidly increase its produc-
tion. This increase in CRP production is detectable in the
bloodstream and is often correlated to the severity of the
insult [8—10]. The upregulation in production often occurs
within hours of the event, which, in conjunction with the
relatively short half-life of CRP, makes it a valuable acute-
phase reactant for the detection and monitoring of inflam-
mation. However, the CRP responses to certain inflam-
matory conditions can be quite heterogeneous; whilst CD is
often associated with a relatively strong CRP response, UC
often gives rise to a mild or absent response [11-14].

Multiple studies dating back to the 1980s have investi-
gated the efficacy of CRP as a biomarker specifically for
relapse prediction in IBD (Table 1). Following on from
previous studies identifying the possible importance of
CRP in predicting the course of IBD [15, 16], Boirivant
et al. [17] followed a group of CD patients over the course
of 24 months, measuring the CRP and calculating the
Bristol Simple Index [18] to evaluate the clinical activity of
the disease at each encounter. With a mixed population of
patients with active disease and those in remission on
entry, they were able to identify that there was no signifi-
cant relationship between the serum CRP value at entry and
the clinical outcome within the first 2—6 months. Interest-
ingly, however, they did show that the likelihood of a
clinical relapse during the 12- to 24-month period follow-
ing entry into the study was higher in patients with per-
sistently high CRP levels in the year prior than in those
with low CRP levels [17], a finding which has been both
supported [19, 20] and refuted [21] by other studies.

In a broad cohort of patients, Kiss et al. [22] looked at
whether high-sensitivity CRP (hs-CRP) had any prognostic
value in predicting clinical relapse of patients during nor-
mal follow-up consultations. Using the Harvey—Bradshaw
index [23] (HBI) and the European Crohn’s and Colitis
Organization (ECCO) guidelines [24], they prospectively
assessed 260 patients over the course of 12 months in those
who showed no relapse, or until the date of relapse in those
who did. They found that the predictive value of hs-CRP
was highly associated with the initial hs-CRP value at the
time of diagnosis; hs-CRP values in patients in clinical
remission predicted relapse at 3 and 12 months with rea-
sonable accuracy in those with a high hs-CRP (>10 mg/L)
at the time of diagnosis, though the predictive value was
limited for those with an initially normal hs-CRP [22]. Of
note, however, they also determined that, when compared
to disease location, non-inflammatory disease behavior,
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Table 1 Studies investigating C-reactive protein for the prediction of relapses in inflammatory bowel disease

Study Patient Subjects  Cutoff level  Sensitivity/ PPV/ Treatments Relapse definition
population (n) specificity NPV  allowed whilst
(%) (%) in remission
Kennedy Adult IBD CD: 129 NA NA NA None Mild: topical treatments, commencement/increase
et al. Uuc: 108 in dose of oral 5-aminosalicylate
[27] Moderate: oral corticosteroids or thiopurines
Severe: admission to hospital, surgery, IV
corticosteroids or anti-TNFo usage
Boirivant ~ Adult CD 25 1 mg/dL NA NA None Bristol Simple Index >4
et al.
[17]
Kiss et al.  Adult CD 260 3 month: 65/71 70/67 No HBI >4, AHBI >3, and change in medical therapy
[22] 10.1 mg/L  57/75 68/62 restrictions
12 month:
8.8 mg/L
Koelewijn  Adult CD 94 15 mg/L NA NA None Symptoms, confirmed by (ileo)colonoscopy/small
et al. bowel follow through, hospitalization/initiation
[20] of corticosteroids or immunosuppressant
Bitton Adult CD 101 10 mg/L NA NA No CDAI >150 with increase of >70 above baseline
et al. restrictions
(191
Jurgens Adult CD 268 NA NA NA Infliximab Development of clinical symptoms
et al.
[25]
Park etal. Adult CD 45 0.5 mg/dL NA NA Thiopurines CDAI >150
[26]
Brignola Adult CD 41 NA NA NA None CDAI >150 and ACDAI >100 from entry level for
et al. 2 weeks
(28]

IBD inflammatory bowel diseases, CD Crohn’s disease, UC ulcerative colitis, PPV positive predictive value, NPV negative predictive value,
CDAI Crohn’s disease activity index, HBI Harvey—Bradshaw Index, NA not available

frequency of relapses, and perianal involvement, only hs-
CRP was independently associated with the probability of a
clinical relapse at 3 months (P = 0.007), whilst both hs-
CRP (P = 0.001) and perianal involvement (P = 0.01)
were similarly associated with clinical relapse at
12 months in the subgroup with a high hs-CRP at the time
of diagnosis [22].

Many studies have attempted to identify subsets of IBD
patients in which CRP may be of particular predictive
benefit. Jiirgens et al. [25] studied a cohort of patients on
maintenance infliximab therapy, measuring their CRP at
baseline and at regular follow-up appointments over the
course of 5 years. For those who suffered a clinical relapse
within that time, the baseline CRP measurements were
higher than in those who did not relapse (P = 0.012) [25].
Interestingly, they also noted that a CRP increase preceded
the clinical relapse in 69 % of those patients, though the
recorded values never quite reached those of the baseline
[25]. Looking at a slightly different subset of IBD patients,
Park et al. [26] found that in patients who were undergoing
thiopurine treatment for medically or surgically induced

remissions, an increased CRP level (>0.5 mg/dL) mea-
sured at the time of initial remission was an independent
predictor of relapse (P = 0.013) [26]. More recently,
Kennedy et al. [27] reported that in CD patients in
stable clinical remission on long-term thiopurine therapies
who were withdrawn from treatment, univariable analysis
revealed a high association between the CRP measured at
the time of thiopurine cessation and the risk of relapse
within 12 months (P = 0.005), though this was not as
predictive in UC patients.

Brignola et al. [28] studied a population of adult CD
patients in clinical remission and who had not been on any
form of drug therapy for 6 months, monitoring them at
both 9- and 18-month follow-up appointments using the
Crohn’s disease activity index (CDAI) and a host of lab-
oratory investigations. When dividing the patient groups
according to outcome (relapsed and non-relapsed) and
comparing their respective results, they found that acid
alpha-1-glycoprotein, alpha-2 globulin, and ESR were
significantly different to a high degree between the two
groups, with CRP and alpha-1 antitrypsin differing to a less
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statistically significant level. Interestingly, they derived a
prognostic index based on these laboratory parameters with
a threshold of discriminant power of 0.35. The accuracy of
the index by the 18-month mark was 88 %, with a sensi-
tivity and specificity of 71 and 100 %, respectively, though
it performed rather less admirably at the 9-month mark
(sensitivity and specificity of 62 and 94 %, respectively).

Whilst unable to effectively predict short-term relapse, a
biological predictive score (BPS) developed by Consigny
et al. [29] has the potential to be used in the prediction of
continued remission. The patient cohort used was identical
to the cohort used by Modigliani et al. [30], and had been
receiving oral steroid treatment prior to entering the study
at the time of weaning their dose. Whilst following up
patients in remission every 6 weeks, assessments of CRP,
ESR, and a range of other serum levels were used to assist
in the development of the BPS. Of the 71 patients that
could be included, 38 returned to active CD as defined by
the CDAI. The Cox proportional hazards model was used
to assess the relative risk of relapse and thus to define the
predictive biomarkers to be used in their BPS. A CRP level
>20 mg/L and ESR >15 mm/h were deemed predictive of
relapse (P < 0.001) and incorporated into their derived
predictive score. With the focus of this study being on the
prediction of CD relapse in the 6 weeks following a
patient’s most recent follow up, the authors found the
relative risk of such an event to be 4 (if CRP elevated) and
4.8 (ESR) when using the Cox model. These predictive
capabilities were further supported in the same study when
looking at CRP and ESR levels together. Taking this
multivariate approach, elevation of both CRP and ESR
resulted in a 9.9 times relative risk of CD relapse in the
coming period compared to those with normal CRP and
ESR values. The BPS derived from the above model
showed similar results, and a positive score indicated an 8
times relative risk of relapse with the score sensitivity and
specificity 89 and 43 %, respectively. Interestingly, the
NPV of 97 % indicates that a negative score at any follow-
up would give confidence in remission continuing for the
next 6 weeks, but the poor PPV (15 %) would suggest that
a positive score would not confidently predict relapse in the
short term. Nevertheless, this simple score could be used to
predict short-term maintenance remission of CD following
a recent flare treated with corticosteroids.

Similarly, a risk factor panel which included two
biomarkers, CRP and perinuclear antineutrophil cytoplas-
mic antibodies (pANCA), was identified by Arias et al.
[31] and focused on the ability to predict relapse of UC.
Primarily focusing on the outcome of patients recently
started on infliximab therapy (n = 285) following a lack of
response to corticosteroids or immunomodulatory agents,
the authors were able to identify a linear relationship
between an increasing number of panel risk factors a
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patient exhibited and clinical relapse of UC within
12 months (P < 0.001). The presence of pANCA in patient
serum along with elevated CRP above baseline levels seen
in remission were used as biomarkers in the risk panel.
Other risk factors included hypoalbuminemia, a lack of
response to infliximab therapy, and absence of mucosal
healing. Twenty-five percent of patients with zero or one of
these risk factors experienced clinical relapse of UC within
12 months, but this proportion increased significantly to
83 % for patients who had four or five of the risk factors on
the developed predictive panel. Whilst this study was ret-
rospective and lacked standardized criteria for UC activity,
it did provide support to the notion seen in the studies
of Brignola et al. [28] and Consigny et al. [29] that
a biomarker such as CRP may have a role within an
index, score, or panel that has the ability to predict relapse
of IBD.

Calprotectin

Calprotectin is expressed in granulocytes, monocytes,
epithelial cells, and neutrophils [32, 33]. It possesses cer-
tain characteristics that make it an attractive biomarker for
gastrointestinal disorders; not only is its representation in
the feces proportional to neutrophil influx into the gas-
trointestinal mucosa during inflammation, but it shows
resistance to fecal degradation and stability at room tem-
perature [34, 35]. Though the study of calprotectin in
gastrointestinal disease has been rapid and widespread, its
value specifically in IBD as a noninvasive biomarker for
disease progression and relapse prediction has garnered
much interest (Table 2).

In a landmark paper assessing the feasibility of mea-
suring intestinal inflammation directly to predict clinical
relapse in IBD patients via fecal calprotectin, Tibble et al.
[36] found that in patients who had been in clinical
remission for between 1 and 4 months, a fecal calprotectin
level of greater than 50 mg/L had a high predictive value
for clinical relapse during the following 12-month period
[36]. Interestingly, though CRP and ESR had already been
previously identified as biomarkers with the potential for
predicting relapse [15-17, 28], this study found them to
hold no significant predictive value. Following on from
this, when differentiated into two separate subgroups of
IBD, Costa et al. [37] reported that whilst fecal calprotectin
(cutoff value of 150 pg/g) showed good predictive value
for identifying CD patients who might relapse within
12 months, it had a far stronger predictive value in those
with UC. These high calprotectin levels amounted to
increased risks of up to twelvefold greater for relapse
within the UC group, and a fourfold increase in those with
CD. In line with the prior study mentioned, Costa et al. [37]
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found no additional predictive value for ESR and CRP
when combined with calprotectin.

Following these studies, the role of calprotectin in IBD
rapidly gained widespread interest, and whilst a few groups
have found no clinical significance of fecal calprotectin in
the prediction of relapse of IBD [38, 39], there are many
that have. Kallel et al. [40] were one of the first groups to
independently support the original findings of Tibble et al.
[36], concluding that a fecal calprotectin cutoff level of
340 pg/g produced the greatest sum of sensitivity (80 %)
and specificity (91 %) for predicting clinical relapse in
patients with quiescent CD. Though it was postulated that
the cutoff level was similar to that of the aforementioned
study when the quantitative difference in measuring tech-
niques was taken into account [41, 42], the still slightly
higher level in this study was possibly confounded by the
patient population and their tendency to have had a more
severe course of CD [40]. Though the admittedly small
numbers of patients in the study precluded the calculation
of positive and negative predictive values (NPV) of fecal
calprotectin, Walkiewicz et al. [43] ascertained that a fecal
calprotectin cutoff value of 400 pg/g did have a significant
association with clinical relapse within 9 months
(P =0.03) in asymptomatic paediatric CD patients.
However, some studies have called into repute the validity
of clinical indices in the evaluation of IBD activity within
the pediatric population [44], so in the first study to com-
pare the histological evaluation of IBD relapse with fecal
calprotectin levels, Diamanti et al. [45] showed that a
cutoff value of 275 pg/g gave the greatest sum of sensi-
tivity (97 %) and specificity (85 %) for predicting histo-
logical relapse in the IBD group as a whole, whilst a higher
cutoff of 462 pg/g yielded the highest diagnostic precision
for CD relapse prediction alone. In one of the largest
prospective studies to date in this field, Naismith et al. [46]
looked to ascertain the predictive value of fecal calpro-
tectin in CD patients with quiescent disease over a
12-month follow-up period. Looking at a larger cohort of
relatively undifferentiated CD phenotypes, they concluded
that using a fecal calprotectin cutoff value of 240 pg/g had
a statistically significant predictive value of a low risk of
clinical relapse within 12 months, with sensitivities and
specificities of 80 and 74 %, respectively. However, a
relatively low positive predictive value (PPV) and a con-
versely high NPV limited the usefulness of this cutoff as a
tool for predicting patients in whom stable remission is
expected rather than clinical relapse, a finding echoed by
some studies done previously [47, 48]. Furthermore, it has
been shown that consecutive fecal calprotectin measure-
ments can predict relapse in UC patients receiving inflix-
imab maintenance therapy [49], as well as in IBD patients
in deep remission after cessation of TNFa-blocking therapy
[50] already 3 months before the flare. These results

indicate that the utility of fecal biomarkers is partly
dependent on the clinical setting at the time of sampling.
This also includes considerations regarding the within-day
and intra-individual variability of fecal calprotectin levels
in IBD patients. A recent study showed that the day to day
variability of fecal calprotectin is low in a cohort of
patients with quiescent CD, and suggests that using a single
calprotectin sample is sufficient to inform therapeutic
strategies [51]. However, fecal calprotectin concentrations
widely vary between motions in patients with active IBD
[52-54]. This suggests that a single fecal calprotectin
determination should not be used as the basis for thera-
peutic decisions in patients with active IBD.

In general, fecal calprotectin correlates better with
ileocolonic disease than with isolated ileal disease. In
predicting small bowel inflammatory changes, fecal cal-
protectin has moderate specificity but low sensitivity [55].
A recent study showed that, even in the presence of large or
very large ulcers, patients with ileal CD may not have
markedly elevated fecal calprotectin levels [56]. Interest-
ingly, a study of children with new-onset untreated CD
found that median fecal calprotectin levels did not differ
between children with small bowel only and those with
colonic involvement [57]. More studies are needed to
clarify the role of fecal biomarkers in the prediction of
relapses of isolated ileal CD (reviewed in [58]).

Not all studies have shown positive results for fecal
calprotectin as a predictive tool. In a prospective study
looking at a cohort of patients with refractory luminal CD
upon initiation of infliximab therapy and maintenance
immunomodulators alone, Laharie et al. [S9] were not able
to identify any reliable fecal calprotectin cutoff value for
the prediction of relapse over one year when measured at
both the baseline and at week fourteen. Following on from
this study, Louis et al. [60] observed a patient cohort of
infliximab responders post cessation of therapy and rec-
ognized a conglomerate of six demographic, clinical, and
laboratory elements which were able to identify a subgroup
of patients who were unlikely to relapse within 2 years.
Though fecal calprotectin with a cutoff value of 300 pg/g
was one of these variables, this study would seem to lend
support to the findings of Laharie et al. [59] in suggesting
that fecal calprotectin alone was not reliable for predicting
relapse during any given time. Following this, whilst some
studies have shown a tendency for serum calprotectin to be
higher in IBD patients when compared to other groups [61,
62], very few have been able to show its feasibility for
predicting relapse as an independent biomarker [63].

Thus far, the majority of fecal calprotectin research has
been aimed at predicting relapse based on clinical markers
rather than endoscopic or histological criteria, though a few
have sought the latter. In a study designed to evaluate post-
surgical recurrence in patients operated on for CD, Orlando
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et al. [64] found that a fecal calprotectin cutoff value of
200 mg/L. measured at 3 post-operative months gave the
best combination of specificity (75 %) and sensitivity
(63 %) in predicting endoscopic relapse 12 months after
the initial surgical intervention, though the statistical sig-
nificance of these results was not stated. Interestingly,
though the use of an endoscopic definition of relapse in
some otherwise asymptomatic patients as opposed to a
clinical definition cannot be overstated, the authors [64] did
have similar results to some larger studies done previously
[37]. Another study looked at a similar cohort of patients,
specifically focusing on endoscopic relapse post surgical
intervention for a CD patient cohort 12 months after their
surgery, and obtained largely disparate results to the former
study. Lasson et al. [65] followed 30 patients from the time
of their ileocaecal resection until 12 months post-operation
and found that not only was there little difference in the
mean fecal calprotectin levels of those with endoscopic
recurrence (189 pg/g) and those with endoscopic remission
(227 pg/g), but that the previously proposed cutoff levels
of 200 and 250 pg/g [66, 67] had no predictive value
between the endoscopic recurrence and endoscopic remis-
sion groups, though these results were not statistically
significant. Two recent studies showed that the measure-
ment of fecal calprotectin concentrations is a promising
and useful tool for monitoring CD patients after surgery
[68, 69]. Several other studies have also looked at the role
of fecal calprotectin and CRP for monitoring and predict-
ing postoperative recurrence of IBD (reviewed in [58]).

Lactoferrin

Lactoferrin is a multifunctional iron-binding glycoprotein
that constitutes the major component of polymorphonu-
clear neutrophil granules and is secreted by most mucosal
surfaces [70, 71]. The presence of inflammation in the
intestinal lumen triggers polymorphonucelar neutrophils to
infiltrate the mucosal surfaces, which in turn causes a
proportional increase in lactoferrin concentrations in the
feces [72, 73]. Given its stability in feces, its ability to be
unaffected by multiple freeze—thaw cycles, and the rela-
tively small decline in fecal levels after 2 days at room
temperature [74, 75], lactoferrin has been extensively
studied as a potential marker of direct intestinal inflam-
mation, with variable outcomes [76, 77].

Since its identification as a potentially useful fecal
marker for intestinal inflammation, lactoferrin has been
studied multiple times in comparison to more well-known
markers (Table 3). Many studies have looked at the cor-
relations of fecal lactoferrin level with certain clinical
indices of active disease [78—80], but in one of the first
studies comparing the calprotectin and lactoferrin for their
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predictive capabilities, Gisbert et al. [47] followed a mixed
cohort of 163 IBD patients for up to 12 months to assess
for clinical relapse as defined by the Truelove modified
index [81]. Whilst the sensitivity and specificity of fecal
calprotectin using a cutoff value of >150 pg/g to identify
the relapse population yielded values of 69 % for both,
fecal lactoferrin seemingly showed similar performance,
with an overall sensitivity and specificity of 62 and 65 %,
respectively, when looking at the IBD cohort as a whole.
Interestingly, the authors identified that if one were only to
use predictions of relapse for the first 3-month period rather
than the whole 12 months, fecal lactoferrin had an overall
sensitivity of 100 % with a specificity of 62 %, marking it
as a potentially very useful screening tool for early relapse.
Following on from this, Yamamoto et al. [79] looked at a
smaller cohort of CD patients for 12 months post ileo-
colonic resection. Similar to the previous studies, their
findings supported the notion that both fecal calprotectin
and fecal lactoferrin had potential roles in predicting dis-
ease recurrence; using a fecal calprotectin cutoff level of
170 pg/g yielded a sensitivity of 83 % and specificity of
93 %, whilst a fecal lactoferrin cutoff value of 140 pg/g
gave a sensitivity of 67 % and a specificity of 71 % at
12 months. The authors identified a few limitations of their
study, namely the relatively small sample size, and the fact
that prophylactic medications had been given to the
patients post-operatively on an individual basis to decrease
the likelihood of recurrence, and they recommended that
future studies aiming to validate the predictive value of
fecal biomarkers should be done in patient cohorts with
stable medications. Following their own advice, a year later
the same group published a study looking at the predictive
value of both fecal calprotectin and fecal lactoferrin in UC
patients who were in stable remission for >3 months on a
stable mesalamine maintenance therapy [82]. After fol-
lowing this cohort for a similar 12-month period, Yama-
moto et al. [82] found that using similar cutoff values to
their previous study yielded similar results, with a fecal
lactoferrin sensitivity and specificity of 67 and 68 %,
respectively. However, only fecal calprotectin was found
under multivariate analysis to be a predictor of relapse
(P = 0.002); lactoferrin was not found to be significantly
associated with clinical relapse of the disease.

Only a few studies evaluating the predictive value of
fecal lactoferrin have been performed in the pediatric
population, with mixed outcomes. Turner et al. [83] used a
relatively large cohort of 101 pediatric UC patients
undergoing intravenous corticosteroid treatments, taking
stool samples during their third day of therapy and mea-
suring four prominent fecal biomarkers head-to-head.
Using the need for either second-line treatment or colec-
tomy as the definition of failed corticosteroid therapy,
Turner et al. [83] found that whilst fecal lactoferrin levels



539

J Gastroenterol (2016) 51:531-547

J[qe[IeAR 10U YA ‘ULLIDJOOR] 7 ‘Unodjoid[ed J) Xapul ANANOR SNI[0d dAnerdd[n (oerpad) 1v0(d)
‘“xopur £1A1)0€ dseasIp s ugo1)) (ornerpad) 7ygO(d) ‘onfea aanoipaid oaneSou AgN ‘onfea 9AnoIpaId oAnIsod A JJ ‘SHI[0D QATIRIION /) “ASBISIP S, UYOI)) (7)) ‘SOSLasIp [omoq KIojewueyjur (7g7

6/0$ S8/SL Kep/TW 0TI wisd&nnuy [16]
0SI<IVdD suonoLnsal oN 001761 S1/001 Kep/Tur of [-© 9¢ dd yInpy  [B 19 Quoduelg
Jouereadde auo3sa[qqoo
Io/pue ‘A)LIe[npou ‘suonerdd[n
ynm dooy onjowreyseueard ursdAnnuy [06]
9y} Jo SUIMOLIBU JO QOUISAIJ SUONOINSAT ON 001/001 VN Kep/Tw 79 1-© 11 ddD NPy [e 19 JueALiog
surajoxd v 0N
0SI< IVdD suonoLysal ON VN VN VN rgdoutsog  £¢ 1D adinnpyv  [cel Te 1 yoies
sjutod
$< Jo aseanout ym O1< IvDNd 10
or< IvONd ‘swrod ¢< jo asearour
1M 10 9< ‘syurod . L
MM ] %wwwm eso, owmww a ua Lo 6L/EL DN BYBwW g40 On
07< IVvadd wmuc_om 0L< JO asearour 001/L9 dD mx\ma ¢e0 :dd 0cCI DN [¢8]
P OG1< IVAD 10 0ST< IVAD suonoIysal ON VN €8/0L :adl SW/Sw ¢4 adl TIVOOIS  19:@D  QdI dterpadmpy ‘Te 32 Z3Uqed
JuoweSeurw [BOIPIW
ur 93ueyo © JueLEM 01 ySnous 90N (seak 17 >) [+8]
JueoyTuSIS UOT)BIONISNOP [BOTUI]D) SUOT}OINSAT ON VN VN VN unIejoloe 6L :dd adi omerpad Te 10 I[epM
syutod £8/0S IL/L9 AT 5/31 op1 AT ULLIRJOjoe ] 6.1
0L< JO aseamndul im OSI< [VAD suonoLnsal ON £6/€8 €6/€8 :dO 8/81 oL1 :dO unosaoidie) 0¢ dd Inpy  '[e 30 Ojowewre X
sa3ueyd AIOJRWWEBHUI IIAJS
0} 9JeIOpPOW JO 9ATISAZINS SAINJLaY
ordoosopua s SuIpa9[q [81091 QuIwe[esIWw 89/L9 A1 5/31 Op1 AT ULLI9J0)oB ] 28]
Jo/pue Kouanbaij [003s Jo SuTUASIOA uoAId syuaned v VN 9L/9L :dD 3/31 L1 :dD unoajordre) 08 DN NPV e 39 ojowewe X
[901]
L<1VON SUONILISAI ON VN 96/LL  31i/sa1dod 006°€9 VNd s ONINPY v 19 se[[ase)
UOISSTUIAI UT IS[IYM (%) AAN (%) Kyogroads (u) uonendod
uonruygep asde[oy PIMO[E SJUSUIIBAL], JAdd JKITATIISUSS [9AQ] o) IoIeN  s1oalqng jusned Kpms

aseasIp [omoq Alojewrwegur ur 9sde[ar Jo uonorpard oY) J0J SIOYIBW [B99) IoyI0 June3nsoAul sAIpnS € dqeL,

pringer

A



540

J Gastroenterol (2016) 51:531-547

were greatly elevated in the study cohort as a whole, their
predictive value in detecting responders and non-respon-
ders was limited (median lactoferrin levels were 209 pg/g
in responders and 225 pg/g in non-responders, P = 0.92).
Though in an admittedly different cohort of patients,
Walker et al. [84] aimed to identify whether fecal lacto-
ferrin had any prognostic or predictive value in pediatric
patients with IBD. Looking at a group of 148 pediatric
patients with both UC (n = 62), CD (n = 79) and IBS
(n =7) and comparing them to a healthy control group
(n = 22), the authors found that not only did fecal lacto-
ferrin correlate comparatively to ESR when aiming to
detect clinically active disease (P < 0.001), but it also
showed a statistically significant trend of being higher in
patients who experienced a clinical flare-up of their disease
within 2 months (845 pg/mL) compared with those who
remained in clinical remission (190 pg/mL, P = 0.003).

S100A12

Released under conditions of cell stress, SI00A12 (cal-
granulin C) is a member of the S100 calcium-binding
protein family that was recently reported to be a novel
biomarker for inflammation based on fecal and serum
studies of IBD [85]. More specifically, ST00A12 is released
almost exclusively by neutrophils following pattern
recognition receptor (PRR) activation [77], and it amplifies
inflammation through its capacity to act as a ligand on
monocyte Toll-like receptor 4 [86].

While the relationship between S100A12 and IBD dis-
ease activity is well described elsewhere [30, 87, 88], there
have been few studies to date that have investigated the
potential for SIO0A12 to be used as a biomarker for the
prediction of relapse in IBD. A 2010 study on the predic-
tive capabilities of a variety of biomarkers by Turner et al.
[83] showed S100A12 as having a poor ability to predict
steroid refractoriness in their cohort of pediatric patients
with severe UC (P = 0.11). These findings were certainly
less admirable than those for calprotectin, which showed a
much stronger predictive capability. However, there has
since been further investigation into SI00A12 and its role
as a biomarker for predicting IBD.

A recent cohort study by Dibritz et al. [85] showed
promising results and indicated, for the first time, the
potential for fecal SI00A12 to predict relapse in UC and
CD (Table 3). Dabritz et al. [85] monitored 147 adults and
34 children with CD (n = 61) or UC (n = 120) who were
deemed to be in remission as defined by the (pediatric)
CDALI and the (pediatric) ulcerative colitis activity index
([PJUCAI). In the IBD patients who fell back into an active
disease process (n = 62), fecal SI00A12 levels were sig-
nificantly elevated at inclusion (P < 0.0001). In spite of
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this significant finding relating to fecal levels, the ability of
serum S100A12 to predict relapse in both diseases was
shown to be poor. However, serum S100A12 levels were
still significantly elevated in patients with active CD or UC
as compared to those in remission (P < 0.005). Dibritz
et al. [85] also describe the observation of rising fecal
S100A12 levels in relapse patients from below the pre-
dictive cutoff value (0.43 mg/kg) 9 months before relapse
(median 0.1 mg/kg) to an increased median level of
0.5 mg/kg (P < 0.001) 6 months before relapse, and a
further increase to 0.9 mg/kg 3 months before relapse
(P < 0.0001). This further evidence of the predictive
capabilities of fecal SI00A12 aligned with the median peak
relapse values of 5.5 mg/kg (P < 0.0001). ROC curve
analysis of fecal SI00A12 provided sensitivity and speci-
ficity values of 70 and 83 % for IBD as a whole. When
focusing on CD, sensitivity and specificity levels were
shown to be 67 and 100 %, respectively, and they were 73
and 79 %, respectively, for UC. In the same study,
S100A12 was shown by Dibritz et al. [85] to have slightly
higher specificity and lower sensitivity values than fecal
calprotectin for CD and UC. Similar findings were noted
upon comparison of the sensitivities and specificities of
fecal calprotectin levels reviewed above [36, 37, 40, 45, 46,
64, 85] with those of fecal SI00A12 reported by Dibritz
et al. [85]. Thus, the future use of SI00A12 as non-invasive
investigation for predicting IBD relapse shows promise.

Fecal al-antitrypsin

Lactoferrin, along with the S100 and acute-phase proteins,
has been the most intensively investigated biomarker for
the predication of relapse in IBD to date. However, there
have been a few investigations of other proteins and
cytokines too, one of which is fecal al-antitrypsin (o;-AT)
(Table 3). Fecal o;-AT levels are known to reflect the
degree of protein loss in CD patients and are a sensitive
marker of CD activity [89]. Yet there have been limited
studies focused on the ability of fecal o;-AT to predict CD
relapse. To begin investigating this, Boirivant et al. [90]
followed just 11 resected CD patients over 12 months.
After measuring fecal o-AT every 3 months, patients who
experienced recurrence at the end of the study period
(n = 5) had increased fecal a-AT levels at 6 months post-
resection, with the concentrations recorded at this point and
at 12 months post-resection higher than those observed in
the patients who did not relapse (P < 0.01). This rela-
tionship between a rising fecal o;-AT level and CD relapse
was studied again in 2003 by Biancone et al. [91], who
investigated a slightly larger cohort of 26 patients in
remission of ileal CD as defined by CDAI. After taking a
baseline fecal o,-AT level and following patients in a
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short-term study of 3 weeks and a long-term study of
3 months, the authors were able to show that median fecal
o;-AT at baseline was significantly higher in the patients
who returned to active CD within the next 6 months
(P = 0.03). The sensitivity and specificity of fecal o;-AT
were 75 and 85 %, respectively, yet the PPV for relapse in
the next 6 months was only 50 %, with a NPV of 94 %.
This indicates that fecal o;-AT has some ability to predict
disease relapse within 6 months, but has a better NPV.

Eosinophil-derived proteins

Given that eosinophils involved in inflammatory disease
are known to produce cytotoxic proteins capable of causing
the mucosal damage seen in IBD, Saitoh et al. [92]
investigated patients with UC (n = 42) and CD (n = 37) to
assess the value of eosinophil-derived proteins in predict-
ing disease (Table 3). Fecal levels of eosinophil cationic
protein (ECP) and eosinophil protein X (EPX) were the
study’s main focus, with EPX shown to be more
stable within the stool sample for 48 h after collection than
ECP. Whilst neither ECP nor EPX showed any value in
predicting UC relapse, there was a significant difference in
the levels of both ECP and EPX between CD patients who
did not relapse and those who did within the following
3 months (P < 0.001). Critically, Saitoh et al. [92] com-
pared the performance of ECP and EPX to that of lacto-
ferrin, fecal o4-AT, and fecal hemoglobin. The close
correlation between concentrations of these markers and
EPX, coupled with its stability, showed that EPX may be
useful in predicting a relapse of CD.

Granulocyte macrophage colony-stimulating
factor

Having only recently come under scrutiny for its potential
role in both immune and inflammatory reactions within the
human gastrointestinal tract, granulocyte macrophage col-
ony-stimulating factor (GM-CSF) has been the focal point
of few studies to date [93]. A hematopoietic growth factor
that promotes activation and maturation of myeloid cell
derivatives, GM-CSF has been shown to have dose-de-
pendent proinflammatory effects during the host’s response
to infection or injury within a wide range of tissues,
including lung, intestinal lamina propria, and skin [94].
Although it is known that an increased level of GM-CSF
leads to a proinflammatory response, the detailed role of
GM-CSF in the intestine of humans is, to date, relatively
unknown. However, the results of a clinical trial showing
that GM-CSF treatment for IBD led to decreased disease
activity in a subgroup of patients with CD [95] have

Table 4 Studies investigating serum surrogate markers for the prediction of relapses in inflammatory bowel disease

Relapse definition

Treatments allowed
whilst in remission

Cutoff level Sensitivity/ PPV/NPV (%)

Marker

Subjects (n)

Patient population

Study

specificity (%)

>5

points in 2 weeks, APCDAI

points in 2 weeks, AUCAI >3 points in

ACDAI >70

GM-CSF Ab CD: 1.7 pg/mL CD: 88/95 NA No restrictions

CD: 61

Adult/paediatric

Dibritz et al. [97]

points in

or APUCALI >5

2 weeks,
2 weeks

UC: 0.5 pg/mL. UC: 62/68

UC: 120

IBD

First clinical event (complication or related

No restrictions

NA NA

NA

139 ASCA

Pediatric CD

Amre et al. [98]

surgical intervention)

pANCA
LBP

CDAI >150 or ACDAI >100 with change in

No restrictions

78/65
69/66
NA
NA
NA

55/84
62/72

NA
NA
NA

22,650 ng/mL

91

Adult CD

Lakatos et al. [99]

medical therapy
CDAI >150 or ACDAI >100

CDAI >150 or ACDAI >100

NA

1,395 ng/mL
95 pM/L

20 pg/mL
NA

sCD14
IL-2

No restrictions

29

Adult CD

Louis et al. [101]

No restrictions

IL-6

Adult CD 36

Louis et al. [102]

No restrictions

TNF-o

CD: 26

Pediatric IBD

Braegger et al. [107]

UC: 10

IBD inflammatory bowel diseases, CD Crohn’s disease, UC ulcerative colitis, (P)CDAI (pediatric) Crohn’s disease activity index, (P)UCAI (pediatric) ulcerative colitis activity index, GM-CSF Ab

granulocyte macrophage colony-stimulating factor autoantibodies, LBP lipopolysaccharide-binding protein, sCD14 soluble CD14, IL interleukin, ASCA anti-Saccharomyces cerevisiae antibodies, pANCA

perinuclear antineutrophil cytoplasmic antibodies, TNF tumor necrosis factor, NA not available
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generated interest in the role of endogenous neutralizing
serum GM-CSF autoantibodies (Ab) as a potential bio-
marker for the prediction of relapse in IBD (Table 4),
particularly given the inverse relationship between GM-
CSF Ab levels and GM-CSF bioactivity [96].

With only one study investigating such a role for serum
GM-CSF Ab so far, further investigation is needed to reaffirm
the interesting findings of Débritz et al. [97]. Time course
analysis of a broad cohort with CD (n = 61) and UC
(n = 120) patients showed an obvious increase in the titer of
serum GM-CSF Ab 6 months before relapse (P < 0.0001),
with an initial elevation noted as early as 9 months before the
relapse had occurred (P < 0.01). Critically, peak values were
observed during relapse before a statistically significant return
to baseline values 9 months later. Importantly, when consid-
ering the potential role of GM-CSF Ab as predictors of
relapse, the patients who experienced a CD relapse had higher
GM-CSF Ab levels at inclusion than those who remained in
remission. Through ROC curve analysis, at 1.72 pg/mL the
sensitivity and specificity of GM-CSF Ab for predicting a CD
relapse within 6 months before a relapse were found to be 88
and 95 %, respectively—far superior to the predictive capa-
bilities of calprotectin seen in the same study (84 and 50 %,
respectively). Whilst these results of Débritz et al. [97] clearly
show a significant association between GM-CSF Ab and CD
relapse, the same level of significance was not seen when
considering their results on UC. The sensitivity and specificity
for UC relapse prediction within 6 months before a relapse of
the disease was far less impressive at 62 and 68 %, respec-
tively. What this does show, however, is that there might be a
place for GM-CSF Ab to be used as a predictor of CD
alongside other biomarkers that are more appropriate for the
prediction of UC relapse. From the perspective of a potential
clinical application in the future, it was also shown that a
baseline level of GM-CSF Ab >1.7 pg/mL was significantly
associated with a CD relapse within 18 months.

Antibodies

In 2006, Amre et al. [98] carried out a retrospective cohort
study on 139 pediatric patients in order to evaluate the role
of serum anti-Saccharomyces cerevisiae antibodies
(ASCA) and pANCA as predictive markers (Table 4).
Assayed close to diagnosis following trial inclusion in the
mid-1990s, ASCA-IgG and -IgA along with pANCA status
were used to identify a hazard ratio (HR) for complica-
tions. Using Cox proportional hazards models, any ASCA
positivity suggested a 2.33 HR for a complication at any
time during the disease (P < 0.05). ASCA-IgA positivity
showed a slightly higher risk factor than ASCA-IgG (2.84
and 2.38, respectively, P < 0.05). Amre et al. [98] also
showed that those who were positive for either ASCA or
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had a higher titer of ASCA-IgA were more likely to have a
complication earlier than those who did not. The authors
also described a negative association between pANCA
positivity and risk of recurrent complications. Whilst these
results show a significant link between ASCA and pre-
diction of CD complications, the number of complications
was quite low, with 22 % of the 139 patients experiencing
complications during follow-up, and no sensitivity, speci-
ficity, NPV, or PPV values were reported. Coupled with the
need for a study of adult subjects, a larger cohort needs to
be followed to attain more knowledge around the predic-
tive value of ASCA and pANCA.

Lipopolysaccharide-binding protein and soluble
CDh14

Other novel markers investigated are those focused on by
Lakatos et al. [99] in their study of a mixed cohort of 214
CD patients (Table 4). Both lipopolysaccharide-binding
protein (LBP) and soluble CD14 (sCD14) play key roles in
the innate immune response against the lipopolysaccharide
of gram-negative bacteria [100], and the reports of changes
in LBP and sCD14 levels in animal models of IBD led to
the authors’ interest in their utility as predictive markers.
During a 1-year follow-up period, 23 % of the 91 remission
patients relapsed, and cutoff levels of LBP and sCD14 were
used (>22,650 and >1,395 ng/mL, respectively) to calcu-
late odds ratios for identifying relapse. Individually, LBP
showed a higher odds ratio (6.5) than sCD14 did (4.3).
However, the sensitivity (55 % LBP, 62 % sCD14),
specificity (84 % LBP, 72 % sCD14), along with the NPV
(65 % LBP, 66 % sCDI14), and PPV (78 % LBP, 69 %
sCD14) were moderate for both and are by no means sig-
nificant enough to consider these markers promising can-
didates for future clinical use at this stage.

Cytokines

Finally, various cytokines and soluble receptor levels have
also been investigated for future utility as predictive
markers for IBD relapse (Table 4). In 1995, Louis et al.
[101] assessed soluble IL-2 receptor (sIL2-R) levels in CD
relapse prediction, given its correlation with disease
activity. Through a 12-month longitudinal follow-up of 29
patients with inactive CD, it was discovered that a high
soluble IL-2 level was predictive of relapse when levels
were elevated beyond 95 pM/liter (P = 0.008), with the
relative risk associated with such an increased level cal-
culated as 9.9. However, Louis et al. [101] explain that
whilst their result showed correlations with CDAI and
other parameters of inflammation such as ESR and CRP,
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Fig. 1 Biomarkers in the prediction of relapse in inflammatory bowel
disease. An outline of disease activity, from preclinical symptoms
through to a relapse in disease as indicated by a clinical manifestation
threshold. At various stages of remission, the reviewed biomarkers are
shown to have different predictive validities, correlating with their
increased activity as inflammation in the gastrointestinal tract

other investigations have been less consistent. As such,
sIL2-R was shown to be complementary to the levels of
inflammatory markers in this study, and showed some
predicative ability for a relapse of CD within 12 months,
but it requires a lot more investigation given that this was
the first time that such a finding was reported.

Following on from this 2 years later, Louis et al. [102]
investigated the value of IL-6, TNF-a, and soluble TNF
receptors as predictive biomarkers for CD relapse. The
authors concluded that IL-6 had the greatest predictive value
for a relapse within 1 year if serum levels were elevated
beyond 20 pg/mL (P < 0.001). Only 10 % of patients who
had an IL-6 level above 20 pg/mL remained in remission
12 months after their inclusion in the study. While TNF-o
itself did not show any predictive value, the two soluble TNF-
areceptors p55 and p75 showed some ability to predict relapse
in the coming 12 months when their values were above 2 and
4.3 ng/mL, respectively (P = 0.004 and P = 0.04, respec-
tively). However, similar to their earlier studies, no sensitivity,
specificity, NPV, or PPV values were described.

Conclusions
Biomarkers, both serological and fecal, have the potential

to form the mainstay of the monitoring of IBD patients
whilst they are in remission. There is a tendency to believe

increases. Granulocyte macrophage colony-stimulating factor (GM-
CSF) autoantibody (Ab) levels can predict relapse 6 months prior
(blue dot); fecal S100 proteins (yellow dot) are capable of predicting
relapse within 3 months; and C-reactive protein (CRP)/erythrocyte
sedimentation rate (ESR) (red dot) is only able to predict relapse
weeks before it is seen clinically

that the fecal component of this potential assay is more
specific to clinical and subclinical activity in patients suf-
fering from bowel disorders, which is supported by the
current body of evidence when compared to other sero-
logical acute-phase reactants. Fecal calprotectin has
attracted the lion’s share of the attention thus far, partly
because of initial promising studies that showed a real
potential for this marker to be predictive of future relapses.
Whilst it has proven to be very effective in its own right, it
has not yet shown the high predictive value required for a
casual screening test, and has therefore been challenged by
new markers. Initial investigations into other fecal
biomarkers such as lactoferrin, eosinophil-derived proteins,
and al1-AT, as well as serological biomarkers such as the
acute-phase reactants, cytokines, ESR, CRP, and other
antibodies, have all been compared to fecal calprotectin
with variable levels of success. More recently, however,
the emergence of new biomarkers such as S100A12 and
GM-CSF Ab have added a greater depth of knowledge to
the field, and are offering alternate avenues for research
and additional predictive tools for assessing the potential
for relapse (Fig. 1). Ultimately, for now, no single bio-
marker—whether it be fecal or serological—has shown the
consistency through study to be considered a gold standard;
nor has any come close, to be fair. However, enough have
shown promise and potential, and given the possibility of
creating matrices of predictive tools using this broad range

@ Springer



544

J Gastroenterol (2016) 51:531-547

of biomarkers, there is still room for more investigations
into these areas. These biomarkers have the potential to
become cornerstones of predictive models for relapse
monitoring in IBD, and may yet form the standard of care
of our practice one day soon.
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