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ABSTRACT
Background Faecal calprotectin (FC) is a
sensitive marker of intestinal mucosal
inflammation. The gold standard in Crohn’s
disease management is mucosal healing. The
role of FC to support clinical practice in Crohn’s
disease is not yet defined.
Aims To determine, in patients with Crohn’s
disease established on biologic therapy: (1) the
correlation between disease activity and FC
levels, (2) whether FC can predict for relapse and
(3) the sensitivity and specificity of the C-reactive
protein (CRP) when compared with FC.
Methods In this retrospective, single-site study,
Crohn’s disease activity, clinical outcomes, FC
and CRP of 76 patients established on biologic
therapy were reviewed and mapped over time.
Results Patients were mapped for a median of
34 months (IQR 21–57.5). FC levels were
determined every 7 (4–13) months on average.
Mean FC in quiescent disease was 105 μg/g
(SEM 19); in mild disease, 282 (SEM 71); in
moderate disease, 611 (SEM 80) and in severe
disease, 1314 (SEM 224) (p<0.001). In
asymptomatic patients who relapsed at 6 months,
the optimal FC, with an area under the curve of
0.886 (p<0.001), was 357.5. In discriminating
quiescent from active disease (FC>100 μg/g) the
sensitivity and specificity of CRP were 0.48 (0.36–
0.61) and 0.73 (0.6–0.85), and in mild from
moderate or active disease (FC>250 μg/g), 0.60
(0.43–0.74) and (0.72 (0.60–0.82).
Conclusions FC is an accurate marker of Crohn’s
disease activity and predicts for relapse, thus
providing the clinician time to optimise therapy.
FC is a more sensitive marker of Crohn’s disease
activity than CRP.

INTRODUCTION
Mucosal healing has become the gold
standard in the treatment of Crohn’s

disease.1 2 Symptoms cannot be relied
upon to reflect mucosal healing, so moni-
toring of therapeutic effectiveness
requires for repeated expensive and inva-
sive radiological and endoscopic tests to
be undertaken.3 A number of biomarkers
have been proposed to help the clinician
monitor Crohn’s disease activity.4

Currently, the C-reactive protein (CRP),
an acute-phase reactant, is the most
widely used.5–7 However, it has not
proved sufficiently sensitive to be relied
upon.8

Calprotectin, a heat-resistant product
of neutrophil degranulation that can be
detected in the faeces, may be a more
promising biomarker.4 9 Faecal calprotec-
tin levels are thought to correlate with
mucosal activity in Crohn’s disease.10–14

If the correlation were close, and a target
faecal calprotectin predicting for mucosal
healing was identified, then that may
become a management goal for therapy
in itself. This would reduce the need for
more complex confirmatory investiga-
tions to be performed.15

The challenges of aiming for mucosal
healing in Crohn’s disease are exempli-
fied in the use of the chimeric antibodies
to tumour necrosis factor α (TNFα),
infliximab and adalimumab. These ‘biolo-
gics’ are an effective treatment for
Crohn’s disease, capable alone or in com-
bination with immunosuppressants, of
halting an otherwise progressive and
costly disease.16–21 However, they are
expensive, carry significant risk profiles,
and the demands of monitoring for indi-
cation and efficacy require repeated inva-
sive or expensive radiological or
endoscopic tests.
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Since 2004, the department of gastroenterology at
York Hospital has used faecal calprotectin to map
activity in patients with Crohn’s disease along with
conventional assessment modalities. This has permit-
ted a longitudinal review of disease activity, clinical
outcomes, CRP and faecal calprotectin levels in
patients with Crohn’s disease maintained on inflixi-
mab or adalimumab to be undertaken.
The aims of this study are to

▸ Identify the correlation between Crohn’s disease activity
and faecal calprotectin levels.

▸ Determine whether faecal calprotectin levels can be used
to predict for clinical relapse in asymptomatic patients.

▸ Compare the sensitivity and specificity of faecal calpro-
tectin and CRP.

METHODS
This has been a retrospective review of patients
attending York Hospital for the management of
Crohn’s disease, from the period 2004 to 2013. All
patients who were established on maintenance inflixi-
mab or adalimumab were eligible. Patients were iden-
tified from pharmacy records cross-checked with the
hospital Core Patient Database (CPD). The CPD was
also used to record demographic data, the Montreal
classification of Crohn’s disease, disease activity and
patient symptomatology, faecal calprotectin and CRP
in order to enter the patient into the study.22 Previous
surgery, concomitant medical therapy and the use of
antiplatelet therapy, anticoagulants and non-steroidal
anti-inflammatory drugs (NSAID) were recorded.
From this point of entry, the subsequent course of

each patient was mapped in terms of disease activity
and clinical outcomes. On reaching either of these
end points, an episode was closed and the patient was
restaged once more by recording Crohn’s disease
activity and clinical outcomes, alongside faecal calpro-
tectin and CRP levels. This cycle was repeated until
the anti-TNFα therapy ceased, or 2013, permitting
sequential correlation of faecal calprotectin levels to
the clinical course of the patient.
It is important to note that the use of faecal calpro-

tectin during this time was not subject to a protocol
and so, on a number of occasions, it was used to
support clinical decision making in the absence of a
formal assessment of Crohn’s disease. For the pur-
poses of this study, a patient episode could only be
recorded when disease activity or a defined clinical
outcome was determined along with a contemporan-
eous faecal calprotectin and CRP.
For the purpose of the study, Crohn’s disease activ-

ity was recorded on the basis of endoscopic, radio-
logic and histology findings as reported at the time by
the responsible clinician. Clinical descriptions of
disease activity were used, notably quiescent, mild,
moderate or severe activity.
Clinical outcomes were recorded as surgery for

Crohn’s disease, admissions to hospital for Crohn’s

disease, symptomatic relapse or the need for escal-
ation of medical therapy as judged by the responsible
clinician. The Crohn’s Disease Activity Index was not
routinely recorded in clinical practice. Instead, symp-
tomatic remission was recorded when the responsible
clinician at the time judged that there were no symp-
toms attributable to active Crohn’s disease.23 Relapse
was recorded when new symptoms arose attributable
to active Crohn’s disease. Symptoms used to make
this judgement were diarrhoea, abdominal pain and
malaise.
A polyclonal ELISA (PhiCal test) was used to deter-

mine the faecal calprotectin level. The normal cut-off
is taken to be 50 μg/g, in line with the manufacturer’s
guidance. Initially, samples were sent on to the depart-
ment of clinical biochemistry, King’s College Hospital,
London, for testing. From 2006, the same assay was
brought inhouse. A quality control sample set at a
level of 150 was present in every test batch, and with
this, the coefficient of variation was 5%.
CRP assay was run on a Beckman Coulter AU2700

analyser using Beckman Coulter reagents; the prin-
ciple of the test being immunoturbidimetry.
Absorbance of aggregates derived from a buffered
serum or plasma sample and antihuman CRP anti-
bodies at 340 nm is taken to be proportional to the
CRP concentration in the sample. A normal result is
<5 mg/L.
Data are presented as median with IQR or mean

and SEM. Descriptive statistics to calculate sensitivity,
specificity, negative and positive predictive value
(NPV and PPV) were used, and where appropriate,
t test and analysis of variance (ANOVA) were applied.
The likelihood ratio for faecal calprotectin to predict
for relapse was calculated using receiver-operator
characteristics curve analysis.
This retrospective research study (YOR-A02211)

was sponsored by, and NHS management permission
obtained from, York Teaching Hospital NHS Trust.

RESULTS
Demographics
From 2004, 76 patients were identified who were
established and maintained on infliximab or adalimu-
mab, and in whom a profile of disease activity or clin-
ical outcome and faecal calprotectin monitoring was
generated (figure 1). The median duration of
follow-up for the 76 patients was 34 months (IQR
21–57.5), and median frequency of review 7 months
(IQR 4–13). From this, 195 periods of review were
identified that could be mapped against faecal calpro-
tectin levels.
The Montreal classification of disease, additional

immunosuppressant and steroid therapy, and previous
surgery for Crohn’s disease for all patients are pre-
sented in table 1. Use of antiplatelet therapy, anticoa-
gulants and NSAIDs is recorded here as relevant
concomitant medication.
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During the period of review, disease activity classifi-
cation was revised in 45% of patients.
1. Correlation between Crohn’s disease activity and

faecal calprotectin levels.
Disease activity was determined endoscopically in

51% of cases and radiologically in 53% of cases (MR:
39%; CT: 14%). A significant difference in faecal cal-
protectin levels was demonstrated when comparing
patients with quiescent, mild, moderate or severe
disease (p<0.01). This correlation is presented loga-
rithmically (figure 2).
In table 2 the mean faecal calprotectin (SEM) is pre-

sented according to Crohn’s disease activity. A faecal
calprotectin of <250 mcg/g had a sensitivity of 0.92
(0.82–0.98) and a specificity of 0.79 (0.67–0.85) for
distinguishing quiescent or mild disease from moder-
ate or severe disease, giving a NPV of 0.90 (0.78–
0.98).
None of the patients with quiescent or mildly active

Crohn’s disease were symptomatic compared with
half of those with moderately active and all of those
with severe disease activity.
Subsequent clinical outcomes of patients in each

disease activity group during the recorded period of
review are also presented in table 2. From this, one
can see that the chance of requiring an escalation of
therapy over the subsequent 16 months was 5% if the
patient had a faecal calprotectin of 100 mcg/g. Fewer
than 10% of those patients with quiescent or mild
disease required escalation of therapy during the
mean period of 14 months follow-up compared with
over 70% in those with moderate or severe disease.
Subgroup analysis of disease activity and faecal cal-

protectin based on the Montreal classification and
previous surgery was also performed (tables 3 and 4).
There was no consistent difference in disease

Figure 1 Schematic of mapping symptomatology, medical therapy, surgery and faecal calprotectin in an individual patient over time.

Table 1 Crohn’s disease phenotype, previous surgery and
medical therapy

Crohn’s disease Number %

Age at diagnosis

A1 15 20

A2 49 64

A3 12 16

Location

L1 27 36

L2 20 26

L3 28 37

L4 1 1

Behaviour

B1 37 49

B2 32 42

B3 7 9

Perianal disease

Present 17 29

Biologic therapy

Infliximab 61 80

Adalimumab 15 20

Both 3 4

DMARD therapy

Azathioprine 29 38

6-Mercaptopurine 7 9

Methotrexate 7 9

Steroid therapy 18 24

Prior surgery

Resection 36 47

Stricturoplasty 1 1

Perianal 8 11

Relevant concomitant medication

NSAID 1 1

DMARD, disease-modifying antirheumatic drug; NSAID, non-steroidal
anti-inflammatory drug.
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phenotype or the effects of surgery on the correlation
between disease activity and faecal calprotectin levels.
Twenty-nine patients were additionally taking

azathioprine, seven were taking 6-mercaptopurine and
seven methotrexate. No differences in faecal calpro-
tectin levels and disease activity were identified
between those taking immunomodulator therapies
and those not (table 5).

Induction of symptomatic remission
The mean faecal calprotectin level prior to induction
with infliximab or adalimumab was 1349 mcg/g (SEM
175). There was no correlation between the level at
induction and subsequent clinical outcome or disease
activity. However, a reduction of faecal calprotectin to
30% or less of the preinduction value was found to
have a PPV of 0.89 (0.73–0.96) for symptomatic
remission, and a NPVof 0.7 (0.48–0.88).
2. Faecal calprotectin predicts for clinical relapse in

asymptomatic patients.
One hundred and fourteen episodes of clinical

remission with faecal calprotectin monitoring were
recorded.
The faecal calprotectin of those patients who

remained in symptomatic remission over the subse-
quent 3, 6 and 12 months was compared with those
who went on to relapse during that time (table 6).
Patients with a faecal calprotectin of <250 mcg/g had

a PPV of 0.94 (0.83–0.98) for remaining in remission
during the subsequent 12 months (NPV of 0.63
(0.39–0.83)).
This permitted a prediction of clinical relapse at 3

and 12 months based on an initial faecal calprotectin
(table 7).
The area under the curve was 0.886 (p<0.001) for

clinical relapse at 6 months with the optimal faecal
calprotectin cut-off level being 357.5 μg/g (figure 3).
3. Comparison of faecal calprotectin and CRP.
One hundred and ten episodes of disease activity or

clinical outcome, faecal calprotectin and CRP were
reviewed. CRP proved to be an insensitive marker of
disease activity or clinical outcome in this group of
patients. Further it was much less able to distinguish
disease severity. Thus, on 79% of occasions when the
faecal calprotectin was elevated, the CRP was normal

Figure 2 Faecal calprotectin levels plotted against Crohn’s
disease activity.

Table 2 Crohn’s disease activity, faecal calprotectin levels and subsequent clinical outcomes

Crohn’s disease
activity

Mean faecal calprotectin
(mcg/g)
(SEM) Number

Symptomatic at
assessment (%)

Mean duration of review
(months)
(SEM)

Subsequent
escalation of
treatment (%)

Medical Surgical

Quiescent 105 (19) 19 0 16.5 (2.4) 0 5

Mild 282 (71) 14 0 11.7 (2.5) 14 7

Moderate 611 (80) 14 54 7.5 (1.6) 43 14

Severe 1314 (224) 24 100 9.5 (1.5) 54 25

Table 3 Crohn’s disease activity and faecal calprotectin based
upon the Montreal disease classification

Mean faecal calprotectin (SEM)

Crohn’s disease activity

Montreal
classification Quiescent Mild Moderate Severe

Age

A1 32 (28) 246 (190) 847 (105) 1608 (529)

A2 92 (27) 292 (85) 615 (89) 1369 (310)

A3 177 (38) 499 345 –

p Value ns ns ns ns

Behaviour

B1 108 (33) 195 (62) 789 (134) 2223 (865)

B2 99 (32) 379 (109) 658 (103) 1038 (183)

B3 92 92 204 1381

p Value ns ns ns ns

Location

L1 100 (44) 373 (177) 302 (47) 1031 (264)

L2 101 (25) 140 (50) 861 2344 (1031)

L3 113 (36) 316 (113) 773 (82) 1188 (264)

p Value ns ns <0.01 ns

Perianal disease

Yes 86 (31) 92 471 (135) 1484 (103)

No 119 (27) 296 (75) 667 (97) 1148 (245)

p Value ns ns ns ns
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(<5 mg/L). By contrast, the mean elevated CRP value
was only 12 while the simultaneous mean elevated
faecal calprotectin was 888. In figure 4, the percent-
age of patients with a raised CRP is plotted against
their faecal calprotectin.
In discriminating quiescent from active disease (the

faecal calprotectin cut-off at >100 mcg/g) the sensitiv-
ity of CRP was 0.48 (0.36–0.61) and the specificity
was 0.73 (0.6–0.85). And in identifying mild from
moderate or severe Crohn’s disease (a faecal calprotec-
tin set at >250 mcg/g), the sensitivity for CRP was
0.60 (0.43–0.74) and the specificity (0.72 (0.60–
0.82).
When assessed independent of faecal calprotectin a

CRP>5 had a sensitivity of 0.6 (0.27–0.86) and a spe-
cificity of 0.67 (0.35–0.89) for clinical disease activity.
As a marker of risk of clinical relapse in the next

12 months, CRP had a PPV of 0.31 (0.14–0.57) and a
NPVof 0.77 (0.56–0.90).

DISCUSSION
This retrospective study maps Crohn’s disease activity,
clinical outcomes and faecal calprotectin in patients
followed-up at York Hospital between 2004 and
2013. It has reviewed over 250 patient-years of
Crohn’s disease and, different from other studies
where a point faecal calprotectin has been performed,
this study provides a continuum of clinically signifi-
cant events punctuated by repeated faecal calprotectin
measurements. It has identified the role of faecal cal-
protectin as an accurate and relevant biomarker of
disease activity and as a timely predictor of relapse,

thus providing the clinician time to optimise therapy.
The study lacks the benefits of prospective research
and a formal definition of Crohn’s disease activity.
There was no formal scheduling of faecal calprotectin
monitoring, and so, the study maps disease activity
and clinical outcomes only when investigations were
initiated or recorded by one of the five responsible
clinicians in normal clinical practice. However, the
purpose of this study has not been to define the
natural history of faecal calprotectin levels in Crohn’s
disease per se, but to define its clinical usefulness.
A pragmatic approach to recording disease activity

has been used based on independent clinician report-
ing of endoscopic, histologic and radiologic findings.
Similarly, while a tool, such as the Crohn’s Disease
Activity Index, could not be used to define clinical
remission or relapse in these patients, judgements
about these outcomes have been made, based on diar-
rhoea, pain and malaise, by the responsible clinician
at the time of the consultation. Additional clinical out-
comes recorded were the need for surgery, hospital
admission or escalation of medical therapy. It is
judged, therefore, that the findings accurately reflect
the usefulness of this non-invasive biomarker in clin-
ical practice.24

The study highlights a number of key elements to
direct in the clinical use of faecal calprotectin. First,
faecal calprotectin correlates with the severity of
Crohn’s disease activity in a linear (logarithmic)
fashion from quiescent through to severe disease. This
is not dependent upon the faecal calprotectin level
prior to the introduction of anti-TNFα therapy or
generally upon the nature of the Crohn’s disease or
the additional use of immunomodulator therapy.
Quiescent Crohn’s disease is associated with a faecal
calprotectin of approximately 100 mcg/g or less.

Table 4 Crohn’s disease activity and faecal calprotectin levels
with or without prior surgery

Disease activity

Mean faecal calprotectin
(SEM)

p Value

Previous resection/
stricturoplasty

No Yes

Quiescent 120 (25) 89 (34) ns

Mild 365 (124) 199 (63) ns

Moderate 569 (124) 612 (120) ns

Severe 1463 (336) 987 (196) ns

Table 5 Crohn’s disease activity and faecal calprotectin levels
with or without additional immunomodulator therapy

Disease
activity

Mean faecal calprotectin (SEM)

p Value
No
immunomodulation

Immunomodulator
therapy

Quiescent 121 (25) 103 (34) ns

Mild 170 (74) 376 (105) ns

Moderate 649 (109) 583 (220) ns

Severe 1105 (164) 1641 (582) ns

Table 6 Mean faecal calprotectin level in asymptomatic patients
who remained in remission or subsequently relapsed

Period of
review
(months)

Mean faecal calprotectin at 0 months
(SEM)

p Value
Asymptomatic at
review

Relapse at
review

3 185 (21.5) 553 (219) <0.01

6 141 (19) 633 (106) <0.01

12 104 (14) 626 (99) <0.01

Table 7 Risk of clinical relapse in over the subsequent 3 or
12 months dependent upon baseline faecal calprotectin

Faecal calprotectin at
0 months (mg/g)

Percentage risk of clinical relapse

0–3 months 3–12 months

<100 2 2

100–500 5 13

>500 33 86
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Here, all patients remained well indefinitely with the
exception of one who required surgery for a non-
inflamed fibro-stenotic stricture.
Above a level of 250 mcg/g, there is an increasing

risk of clinically significant mucosal disease activity.
However, the chances of being clinically symptomatic
with a faecal calprotectin of less than 250 mcg/g are
small. Faecal calprotectin is a more sensitive test than
it is specific, so caution must be exercised when
drawing conclusions from a single elevated test.
Indeed it is our practice to repeat the test if it initially
points to uncontrolled disease.25 This reflects the

advantage of using faecal calprotectin as a monitoring
tool rather than as a point test.26

These observations are consistent with previous
published studies that have not benefited from long-
term patient follow-up.26–32

The subgroup analysis based on Montreal classifica-
tion found little difference in these key indicators of
disease activity; however, some of the numbers in the
subgroup analysis were small. A significant difference
was found in faecal calprotectin levels in patients with
moderate ileo-colonic, rather than ileal, disease pre-
sumably due to the potential surface area of calprotec-
tin shedding.33

Trends were also seen in patients who had under-
gone an intestinal resection. This may reflect chal-
lenges in postoperative radiological reporting of
disease activity.
Interestingly, the presence of perianal disease did

not alter the validity of faecal calprotectin testing.
Not surprisingly, few patients were taking pre-

scribed NSAIDs, though the study was unable to
exclude over-the-counter usage. Also, the relative
youth of the patient group explains the absence of
antiplatelet therapy and anticoagulants in the study
population.
Second, the faecal calprotectin accurately predicts

for future clinical outcomes and, by implication, effi-
cacy of therapy, in Crohn’s disease. By monitoring the
faecal calprotectin level when a patient is asymptom-
atic, the clinician is provided a window of up to
12 months in which to optimise therapy and so
prevent clinical relapse.34 In practice, this means that
the clinician can be confident that symptoms in a
patient with a faecal calprotectin of <250 μg/g are
likely to be functional and can be treated expectantly,
while a withdrawal of immunomodulator therapy is
reasonable to consider in a patient with a faecal cal-
protectin of 100 μg/g or less. Further, that failure to
respond to a faecal calprotectin of >500 μg/g will
lead to rapid progression of disease.
The strength of the predictive power of faecal cal-

protectin means that, for the patient, optimisation of
therapy may be achieved without the necessity of
recourse to repeated invasive investigations. For
healthcare providers, this has a significant potential
for cost savings. This observation must be under-
pinned by prospective research.
Currently, it is not reasonable to infer exactly the

same predictive role for faecal calprotectin in those
patients maintained on immunosuppressant therapy
rather than anti-TNFα therapy.
Finally, faecal calprotectin provides an entirely new

insight as a biomarker of Crohn’s disease when com-
pared to CRP. Clinicians cannot rely on the CRP to
give the sort of information on real-time mucosal
disease activity that the faecal calprotectin provides.
CRP lacks the specificity in patients with a faecal cal-
protectin of <250 mcg/g to reassure the clinician,

Figure 3 Receiver-operator characteristic curve (ROC) for
faecal calprotectin levels predicting for clinical relapse within
6 months in asymptomatic patients with Crohn’s disease (area
under the curve 0.886 p<0.001).

Figure 4 C-reactive protein (CRP) correlates poorly when
compared with faecal calprotectin in Crohn’s disease.
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neither is it sensitive enough to identify disease activ-
ity or risk of imminent relapse in patients with a
faecal calprotectin >250 mcg/g or >500 mcg/g,
respectively. Faecal calprotectin should be an available
test in all centres caring for patients with Crohn’s
disease.
Based on these observations, an algorithm for using

faecal calprotectin monitoring to support the clinician
in the management of patients with Crohn’s disease is
proposed (figure 5). Here, the target of medical therapy
is to keep the faecal calprotectin <100 mcg/g, however,
a value of <250 mcg/g represents low risk. If this is
achieved, intestinal symptoms reported by patients are
likely to be functional. Monitoring could continue
every 6 months. Patients with a faecal calprotectin
<100 mcg/g have quiescent disease, and here it may be
appropriate to consider step-down of treatment.29 35 36

A faecal calprotectin >250 mcg/g should be repeated; if
persistently raised, an escalation of therapy or interven-
tion is indicated. Any change to therapy would prompt
a repeat faecal calprotectin in 3 months.
In conclusion, faecal calprotectin is a highly sensi-

tive real-time biomarker of Crohn’s disease mucosal

activity. It provides an insight into disease ahead of
symptoms, so predicting for disease outcomes without
recourse to expensive and invasive testing. Should
these findings be replicated in a prospective study,
faecal calprotectin will become embedded in the algo-
rithm of optimal care to direct clinicians, reduce risk
and minimise costs.

What is already known on this topic

Faecal calprotectin levels correlate with mucosal inflam-
mation in Crohn’s disease.

What this study adds

Faecal calprotectin can be used to monitor Crohns
disease activity in patients.

Figure 5 Proposed guidelines for the use of faecal calprotectin in the management of patients with Crohn’s disease established on
biologic therapy.
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How might it impact on clinical practice in the fore-
seeable future

Faecal calprotectin monitoring should be incorporated
into Crohn’s disease management to facilitate clinical
and cost effectiveness.

Correction notice One of the key messages boxes has been
updated since published Online First.
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