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Background: Biomarkers have been proposed as surrogate treatment targets for the management of inflammatory bowel disease (IBD); 
however, their relationship with IBD-related complications remains unclear. This study investigated the utility of neutrophil biomarkers fecal 
calprotectin (fCal) and fecal myeloperoxidase (fMPO) in predicting a complicated IBD course.
Methods: Participants with IBD were followed for 24 months to assess for a complicated IBD course (incident corticosteroid use, medication 
escalation for clinical disease relapse, IBD-related hospitalizations/surgeries). Clinically active IBD was defined as Harvey-Bradshaw index >4 
for Crohn’s disease (CD) and simple clinical colitis activity index >5 for ulcerative colitis (UC). Area under the receiver-operating-characteristics 
curves (AUROC) and multivariable logistic regression assessed the performance of baseline symptom indices, fCal, and fMPO in predicting a 
complicated disease IBD course at 24 months.
Results: One hundred and seventy-one participants were included (CD, n = 99; female, n = 90; median disease duration 13 years [interquartile 
range, 5-22]). Baseline fCal (250 μg/g; AUROC = 0.77; 95% confidence interval [CI], 0.69-0.84) and fMPO (12 μg/g; AUROC = 0.77; 95% CI, 0.70-
0.84) predicted a complicated IBD course. Fecal calprotectin (adjusted OR = 7.85; 95% CI, 3.38-18.26) and fMPO (adjusted OR = 4.43; 95% CI, 
2.03-9.64) were associated with this end point after adjustment for other baseline variables including clinical disease activity. C-reactive protein 
(CRP) was inferior to fecal biomarkers and clinical symptoms (pdifference < .05) at predicting a complicated IBD course. A combination of baseline 
CRP, fCal/fMPO, and clinical symptoms provided the greatest precision at identifying a complicated IBD course.
Conclusions: Fecal biomarkers are independent predictors of IBD-related outcomes and are useful adjuncts to routine clinical care.
Key Words: biomarkers, IBD management, fecal biomarkers
Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; MPO, myeloperoxidase; fCal, fecal calprotectin; fMPO, fecal 
myeloperoxidase; STRIDE, selecting therapeutic targets in inflammatory bowel disease; NIDA-IBD, new indicators of disease activity in inflammatory bowel 
disease; HBI, Harvey-Bradshaw index; SCCAI, simple clinical colitis activity index; ROC, receiver operating characteristics curve; AUROC, area under the 
receiver operating characteristics curve; aOR, adjusted odds ratio; CRP, C-reactive protein; DCA, decision curve analyses.

Introduction
Inflammatory bowel diseases (IBDs), comprised predomi-
nantly of Crohn’s disease (CD) and ulcerative colitis (UC), 
are chronic relapsing and remitting illnesses of the gastro-
intestinal (GI) tract. Inflammatory bowel disease results 
from aberrant stimulation of the immune system, including 
the innate immune response.1 Neutrophils play a vital role 
in the dysregulation of the immune system seen in IBD.2,3 
These white blood cells release proteins such as calprotectin 
and myeloperoxidase (MPO) that have been implicated 
in sustaining the gut inflammatory response in IBD.2-5 
Neutrophil-derived biomarkers such as fecal calprotectin 
(fCal) and fecal MPO (fMPO) have been shown to be effec-
tive biomarkers of intestinal inflammation.6

Management of IBD involves proactively assessing for 
GI inflammation with the aim of achieving mucosal healing 
as suggested in the STRIDE-II (selecting therapeutic targets 

in IBD) guidelines.7-9 Titrating therapies in response to dis-
ease activity results in improved rates of clinical, biochem-
ical, and histological remission.8 Ileocolonoscopy has been 
the mainstay of objective disease assessment in IBD, but 
it is invasive and expensive. Fecal biomarkers have been 
proposed as surrogate treatment targets; however, the op-
timal “target” for these markers has not yet been established 
in widely accepted guidelines and often incorporates a wide 
range of values associated with outcomes including endo-
scopic healing, clinical, and mucosal remission.7 The as-
sociation of these biomarkers with longitudinal outcomes 
such as disease progression, IBD-related surgeries, and/or 
hospitalizations has been shown in some studies10 but is 
still being established in multiple independent cohorts.7 This 
study investigated the utility of baseline fCal and fMPO in 
predicting a complicated IBD course in participants who had 
24 months of prospective follow-up.
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Materials and Methods
Participant Recruitment and Study Procedures
The New Indicators of Disease Activity in IBD (NIDA-IBD) 
study was a cross-sectional and prospective cohort study 
performed in participants with established IBD who were 
undergoing objective disease assessment (ileocolonoscopy) 
at Christchurch Hospital, New Zealand between April 
2019 and September 2020.6 All study participants had 
sociodemographic, phenotype, medical, and medication his-
tory recorded during baseline assessment. Study participants 
also provided stool and blood samples and completed 
questionnaires relating to IBD symptoms (Harvey-Bradshaw 
Index for CD, HBI; simple clinical colitis activity index for 
UC, SCCAI) during baseline assessment. Baseline biomarker 
assessment included full blood count, albumin, C-reactive 
protein (CRP), fCal, and fMPO using methods previously 
described.6 Samples were analyzed for full blood count, al-
bumin and CRP using automated analyzers at Canterbury 
Health Laboratories, Christchurch, New Zealand as part 
of standard of care.6 Stool samples were independently 
assessed for fCal using a commercially available enzyme-
linked immunosorbent assay (ELISA) in accordance with the 
manufacturer’s instructions (CALPRO ELISA, Calpro AS, 
Lysaker, Norway).6 Fecal myeloperoxidase was determined 
using an in-house ELISA that has previously been described.6 
Subjectively active IBD was scored as HBI >4 and SCCAI 
>5.11-13 Baseline endoscopic disease activity was assessed 
using the simple endoscopic score for CD (SES-CD) and UC 
endoscopic index of severity (UCEIS).14,15 Inactive endoscopic 
disease was defined as an SES-CD ≤2 or UCEIS <2.14-16

All patients were prospectively followed for 24 months 
through access to their electronic health record that included 
clinic letters, medication prescriptions, hospital admissions, 
and surgical procedures. Patients unable to be followed for 
this time were excluded from analyses. The primary study 
end point was a complicated IBD course at 24 months (com-
posite end point of the incident need for corticosteroids for 
flares of luminal IBD ≥4 weeks), incident escalation of/to 
immunomodulator/biological agents due to clinical disease 
relapse, IBD-related surgery and/or hospitalization). This end 

point is similar to those that have been previously reported 
and takes into account real-world outcomes.17-19

Statistical Analyses
Continuous variables were compared between groups 
using the Mann-Whitney U test. Optimal fecal biomarker 
thresholds predicting the primary study end point and each 
component of this composite end point were determined 
using the Youden’s index derived from the coordinates of the 
receiver-operating-characteristics (ROC) curve.20 Area under 
the ROC (AUROC) for CRP, fCal, and fMPO was compared 
using previously established methods by De Long et al.21 
Internal cross-validation was performed using bootstrap bias 
corrected 95% confidence intervals (CIs) of AUROC.

Univariable logistic regression was used to determine base-
line variables associated with a complicated IBD course. Only 
noninvasive variables were used in these analyses (ie, ex-
cluding endoscopic indices) to examine the potential for non-
invasive disease assessment at predicting the longitudinal IBD 
course. Variables reaching a predetermined significance of 
P ≤ 0.01 on univariable analyses were included in subsequent 
multivariable models given the relatively small sample size in 
this study. Fecal biomarkers were included in multivariable 
regression models as categorical variables using the optimal 
thresholds identified in this study. Subgroup multivariable 
regression analyses were performed on individuals with CD 
and UC separately. These analyses investigated the utility of 
fecal biomarkers at predicting a complicated IBD course after 
adjusting for clinical disease activity and CRP as per “treat-
to-target” paradigms suggested in the STRIDE-II guidelines.7 
Log-rank testing compared the distributions of the time to the 
primary study end point at the optimal biomarker thresholds. 
The utility of multivariable regression models was compared 
with individual clinical variables (symptom indices and 
biomarkers) using AUROC and methods described by De 
Long et al.21

Decision curve analyses (DCAs) were also used to eval-
uate baseline variables associated with the primary study 
end point of a complicated IBD course. Decision analyses 
help ascertain the clinical utility of biomarkers and statis-
tical models, as there is uncertainty over how the discrim-
inative properties (sensitivity, specificity, AUROC) of these 
markers may translate into clinical utility.22 The variables 
assessed using DCA in this study included endoscopically 
active IBD at baseline, and baseline fCal and fMPO in iso-
lation, and in models incorporating clinical symptoms and 
CRP. In this study, DCA calculated the clinical “net benefit” 
of a model or diagnostic test across a range of threshold 
probabilities (from 0% to 80% probability) for the end 
point of a complicated IBD course at 24 months.23,24 These 
analyses combine measures of sensitivity and specificity 
with the relative harms of a false positive (eg, over treat-
ment and over investigation with invasive procedures such 
as ileocolonoscopy) and false negative (eg, under treatment 
and missed opportunities for proactive care) result to derive 
the “net benefit.”22,24

Statistical analyses were performed using SPSS 27 (IBM 
Corp., Armonk, New York) and STATA SE 17 (StataCorp., 
College Station, Texas). Graphs of study data were produced 
on GraphPad Prism 9 (GraphPad Software Inc., San Diego, 
California). This study was conducted in accordance with the 
World Medical Assembly Declaration of Helsinki and was 

Key Messages

What is already known?

•	 Current models of care support the use of biomarkers 
as surrogate treatment targets for mucosal healing in 
inflammatory bowel disease (IBD); however, optimal 
targets for these biomarkers remain unclear.

What is new here?

•	 This study shows that fecal calprotectin or fecal 
myeloperoxidase (at identified thresholds) are independ-
ently associated with a complicated course of illness and 
may be appropriate targets to aim for to improve long-
term IBD outcomes.

How can this study help patient care?

•	 Testing for fecal biomarkers helps to identify levels of 
gut inflammation and, in addition, may also prognosti-
cate the longer-term disease course.
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approved by the New Zealand Health and Disability Ethics 
Committee (18/NTA/197).

Results
Description of Study Participants
A total of 171 study participants (CD, n = 99; UC, n = 72; 
female, n = 90; median age 46 years; interquartile range 
[IQR], 36-59) were followed for 24 months (Table 1). The 
indication for disease assessment with ileocolonoscopy was 

for surveillance (CD, n = 57; UC, n = 41) or to assess cur-
rent disease activity (CD, n = 42; UC, n = 31). There were 
no differences in baseline fCal (CD, median 120.0 μg/g; UC, 
median 146.1 μg/g; P = .45) and fMPO (CD, median 10.4 
μg/g; UC, median 15.6 μg/g; P = .77) concentrations between 
individuals with CD and UC, respectively (Table 1). A com-
plicated disease course was observed in 71 patients (CD, 
n = 45; UC, n = 26) by 24 months at a median time to first 
IBD complication of 23 weeks (IQR, 7-61; Figure 1). Of the 
23 patients who were hospitalized during follow-up, 8 had 

Table 1. Description of new indicators of disease activity in inflammatory bowel disease (NIDA-IBD) cohort who were followed prospectively for 24 
months.

All IBD (n = 171) CD (n = 99) UC (n = 72)

Median Age (IQR, years) 46 (36-59) 44 (34-57) 48 (40-63)

Female participants (%) 90 (52.6) 52 (52.5) 38 (52.8)

Median time since IBD diagnosis (range, years) 13.0 (5.0-22.0) 13.0 (6.0-21.0) 11.5 (4.0-23.5)

European ethnicity (%) 168 (98.2) 99 (100) 69 (95.8)

Montreal Classification of IBD(%)

A1 7 (7) 0 (0)

A2 74 (75) 19 (26)

A3 18 (18) 53 (74)

L1 17 (18)

L2 21 (21)

L3 61 (62)

B1 59 (60)

B2 20 (20)

B3 20 (20)

Perianal disease 17 (17)

E1 6 (8.3)

E2 33 (45.8)

E3 33 (45.8)

Baseline corticosteroid use for IBD 28 (16.4) 12 (12.1) 16 (22.2)

Corticosteroid use in the last year for IBD 59 (34.5) 33 (33.3) 26 (36.1)

Baseline immunomodulator use for IBD 67 (39.2) 41 (41.4) 26 (36.1)

Baseline use of biological agents for IBD 37 (21.6) 27 (27.3) 10 (13.9)

History of depression 17 (9.9) 13 (13.1) 4 (5.6)

History of anxiety 13 (7.6) 10 (10.1) 3 (4.2)

History of concurrent irritable bowel syndrome 11 (6.4) 8 (8.1) 3 (4.2)

Endoscopically active IBD (SES-CD >2, UCEIS ≥2, %) 97 (56.7) 62 (62.6) 35 (48.6)

Endoscopically inactive/mildly active IBD 
(SES-CD <7, UCEIS<5, %)

130 (76.0) 71 (71.7) 59 (81.9)

Active symptoms at baseline
(HBI >4, SCCAI >5; %)

96 (56.1) 60 (60.6) 36 (20.9)

Median fecal calprotectin (IQR, µg/g) 132.7 (46.2-523.1) 120.0 (46.2-353.5) 146.1 (45.2-853.1)

Median fecal myeloperoxidase (IQR, µg/g) 11.01 (2.43-61.12) 10.40 (3.27-44.88) 15.57 (1.66-107.46)

Median IBDQ-32 (IQR) 169.0 (136.0-196.0) 165.0 (132.0-195.0) 177.0 (138.3-200.8)

Clinical relapse requiring biological/
immunomodulator escalation at 24 months (%)

45 (26.3) 26 (26.3) 19 (26.4)

Recurrent corticosteroid use at 24 months (%) 25 (14.6) 12 (12.1) 13 (18.1)

IBD related hospitalization at 24 months (%) 23 (13.5) 16 (16.2) 7 (9.7)

IBD related surgery at 24 months (%) 17 (9.9) 12 (12.1) 5 (6.9)

Complicated IBD course 24 months (%) 71 (41.5) 45 (45.5) 26 (36.1)

Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; Immunomodulator, thiopurine or methotrexate; SES-CD, 
simple endoscopic score for CD; UCEIS, ulcerative colitis endoscopic index of severity; HBI, Harvey-Bradshaw Index; CDAI, Crohn’s disease activity index; 
SCCAI, simple clinical colitis activity index; IBDQ-32, inflammatory bowel diseases questionnaire
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recurrent corticosteroid use, and 8 had medication escala-
tion for disease relapse prior to their hospitalization. Of the 
17 patients who had IBD surgery during follow-up, 3 had 
corticosteroid use, and 3 had medication escalation prior to 
their surgery. Five of the patients who underwent IBD surgery 
during follow-up had an acute colectomy for severe colitis, 
7 had an ileocolic resection for stricturing CD, and the re-
maining participants required operations for perianal disease 
(n = 2), stricturoplasty (n = 1), or small bowel exploration 
(n = 1) for stricturing CD and diverting stoma for active IBD 
(n = 1).

Biomarker Thresholds Associated with a 
Complicated IBD Course
C-reactive protein was associated with a complicated IBD 
course in all participants at 24 months (AUROC 0.63; 95% 
CI, 0.54-0.71; optimal threshold 3 μg/g; sensitivity 68%, 
specificity 56%). C-reactive protein was significantly associ-
ated with this study’s primary end point in individuals with 
UC (AUROC 0.69; 95% CI, 0.56-0.82; optimal threshold 3 
μg/g; sensitivity 73%, specificity 59%) but not in those with 
CD (AUROC 0.58; 95% CI, 0.46-0.69).

The optimal baseline fCal threshold associated with a com-
plicated IBD course at 24 months was 250 μg/g (AUROC 
0.77; 95% CI, 0.69-0.84; sensitivity 65%, specificity 83%). 
This cut-off had similar performance in individuals with CD 
(sensitivity 58%, specificity 85%) and UC (sensitivity 77%, 
specificity 80%). Optimal fCal thresholds calculated in CD 
and UC were similar to the cut-off value calculated for all 
patients with IBD: 244 μg/g in CD (sensitivity 60%, speci-
ficity 85%) and 270 μg/g in UC (sensitivity 77%, specificity 
85%).

The optimal fMPO threshold associated with a complicated 
IBD course was 12 μg/g (AUROC 0.77; 95% CI, 0.70-0.84; 
sensitivity 72%, specificity 69%). Comparison of the AUROC 
for fCal and fMPO indicated that the performance of these 
biomarkers for predicting the primary study end point was 
not significantly different (P > .05). Optimal fMPO cut-offs 
were higher in individuals with UC (threshold = 30 μg/g, 
sensitivity 73%, specificity 83%) compared with those with 

CD (threshold = 12 μg/g, sensitivity 67%, specificity 70%). 
Internal cross-validation of these AUROC did not materially 
alter the observed trends (Table 2). Baseline fecal biomarkers 
also predicted components of the composite study end point 
(Table 2).

Exploratory subgroup analyses were carried out to investi-
gate if fecal biomarkers predicted a complicated IBD course 
in individuals with objectively inactive disease at baseline 
(SES-CD ≤2, UCEIS <2). Fifteen individuals with inactive dis-
ease (CD = 11, UC = 4) at baseline reached the study com-
posite end point at 24 months. Baseline fMPO predicted a 
complicated disease course in these individuals (AUROC 
0.69; 95% CI, 0.56-0.82; optimal threshold 5 μg/g, sensitivity 
80%, specificity 63%). However, fCal was not significantly 
associated with the primary study end point in this subgroup 
(AUROC 0.63; 95% CI, 0.46-0.79).

Utility of Fecal Biomarkers in Predicting a 
Complicated IBD Course
Amongst all patients with IBD in this study, univariable re-
gression analyses identified that the presence of current or 
past corticosteroid use (in the last year), current biological 
agent use, serum albumin, elevated fecal biomarkers, and 
clinically active IBD were significantly associated with a com-
plicated IBD course at 24 months (Supplementary Table 1). 
Multivariable regression models included these variables in 
evaluating the utility of fecal biomarkers in predicting the 
primary study end point (Table 3). These analyses showed 
that amongst all patients with IBD (after adjustment for 
these covariates), baseline fCal ≥ 250 μg/g (adjusted OR 
(aOR) = 7.85; 95% CI, 3.38-18.26) and baseline fMPO ≥12 
μg/g (aOR = 4.43; 95% CI, 2.03-9.64) were associated with a 
complicated IBD course at 24 months (Figure 1).

Subgroup analyses of participants with CD showed that 
fCal ≥250 μg/g (aOR = 7.60; 95% CI, 2.78-20.77) and 
fMPO ≥12 μg/g (aOR= = 3.55; 95% CI, 1.46-8.63) were as-
sociated with a complicated IBD course (these results were 
adjusted for the presence of clinical disease activity and CRP). 
Similarly, for participants with UC (when adjusting for clin-
ical disease activity and CRP), fCal ≥250 μg/g (aOR = 6.65; 
95% CI, 1.72-25.77) and fMPO ≥30 μg/g (aOR 7.75; 95% 
CI, 1.99-30.20) were associated with this end point.

Previous studies have shown reduced accuracy of fCal and 
fMPO in detecting active gut inflammation in individuals with 
isolated ileal CD.6,25 In this cohort, there were 17 individuals 
with isolated ileal CD, and 11 of these participants reached 
the end point of a complicated IBD course at 24 months of 
follow-up. Subgroup univariable logistic regression analyses 
showed that neither fCal (threshold ≥250 μg/g; OR = 1.76; 
95% CI, 0.23-13.16) or fMPO (threshold ≥12 μg/g; 
OR = 1.33; 95% CI, 0.20-9.31) were associated with a com-
plicated IBD course.

Comparison of Variables Associated With a 
Complicated IBD Course
 Fecal biomarkers (fCal, fMPO) provided additional benefit 
to clinical disease indices alone in predicting a complicated 
IBD course at 24 months (Table 4). Fecal biomarkers (fCal 
and fMPO) had improved precision at predicting this study’s 
composite end point compared with CRP (pdifference < .05; 
Table 4). The addition of CRP to clinical disease activity did 
not provide additional benefit for predicting a complicated 

Figure 1. Elevations of baseline fecal calprotectin (fCal) above 250 µg/g 
and fecal myeloperoxidase (fMPO) above 12 µg/g were significantly 
associated with a complicated inflammatory bowel disease (IBD) course 
at 24 months of follow-up.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izae032#supplementary-data
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IBD course compared with assessing clinical activity alone 
(pdifference > .05; Table 4).

Decision curve analyses assessed the clinical benefit of in-
dividual biomarkers, disease assessment indices (symptoms 
and endoscopy), and models combining these measures in 
predicting a complicated IBD course. Clinical models using ei-
ther fecal biomarker (fCal ≥250 μg/g in all patients with IBD 
(fCal model) or fMPO ≥12 μg/g in CD and fMPO ≥30 μg/g 

in UC (fMPO model)), in conjunction with abnormal CRP 
(>3 mg/L, >upper limit of normal) and active IBD symptoms 
(HBI >4, SCCAI >5) at baseline provided the greatest benefits 
in predicting this study’s primary end point (Figure 2). This 
benefit was superior to each of these variables in isolation 
(CRP, fCal, or fMPO at chosen thresholds, clinical disease ac-
tivity) and superior to the presence of endoscopically active 
IBD at baseline. The benefit of the fCal and fMPO models 

Table 2. Area under the receiving operating curves (AUROC) for fecal biomarkers in predicting a complicated inflammatory bowel disease (IBD) course 
at 24 months of follow-up and for each component of this composite end point.

Fecal calprotectin (fCal)

End Point (N = 171) AUROC
(95% CI)

Internal Cross-validated AUROC
(Bootstrap bias corrected 95% CI)†

Optimal Threshold Sensitivity/
Specificity (%)

Complicated IBD course (N = 71) 0.77
(0.69-0.84)

0.77
(0.67-0.84)

250 ug/g 65/83

Medication escalation (N = 45) 0.83
(0.77-0.90)

0.84
(0.67-0.87)

270 ug/g 73/80

Recurrent corticosteroid use (N = 25) 0.66
(0.55-0.78)

0.66
(0.30-0.59)

285 ug/g 60/72

IBD-hospitalization (N = 23) 0.65
(0.51-0.79)

0.65
(0.29-0.60)

850 ug/g 48/85

IBD-surgery
(N = 17)

0.59
(0.43-0.75)

0.50
(0.14-0.49)

244 ug/g 65/65

Fecal myeloperoxidase (fMPO)

End point (N = 171) AUROC
(95% CI)

Internal cross-validated AUROC
(Bootstrap bias corrected 95% CI)†

Optimal threshold Sensitivity/Specificity (%)

Complicated IBD course (N = 71) 0.77
(0.70-0.84)

0.77
(0.65-0.82)

12 ug/g 72/69

Medication escalation (N = 45) 0.83
(0.77-0.90)

0.83
(0.67-0.87)

10 ug/g 91/62

Recurrent corticosteroid use (N = 25) 0.69
(0.60-0.78)

0.69
(0.32-0.63)

12 ug/g 80/57

IBD-hospitalization (N = 23) 0.61
(0.49-0.74)

0.62
(0.26-0.54)

31 ug/g 57/70

IBD surgery
(N = 17)

0.53
(0.37-0.69)

0.48
(0.16-0.51)

31 ug/g 53/69

†Kfold = 10 for complicated IBD; Kfold = 5 for each other end point.
No significant differences in AUROC between fCal and fMPO for a complicated IBD course (P = .95), medication escalation (P = .98), recurrent 
corticosteroid use (P = .45), IBD hospitalization (P = .40) and IBD-surgery (P = .14).

Table 3. Multivariable analyses for predicting a complicated inflammatory bowel disease (IBD) course using fecal biomarkers. Model 1 = using fecal 
calprotectin. Model 2 = using fecal myeloperoxidase.

All IBD Patients (N = 171) Multivariable Analysis (Model 1) Multivariable Analysis (Model 2)

Variable Odds Ratio (95% CI) P Odds Ratio (95% CI) P 

Current steroids 0.39 (0.10-1.61) 0.19 0.57 (0.16-2.11) .40

Steroids in last year 5.88 (2.05-16.88) <0.001 5.35 (1.94-14.78) .001

Biological agent use 1.43 (0.56-3.64) 0.46 1.88 (0.75-4.67) .18

Albumin 0.87 (0.76-0.98) 0.02 0.89 (0.79-1.00) .05

fCal ≥ 250 ug/g 7.85 (3.38-18.26) <0.001

fMPO ≥ 12 ug/g 4.43 (2.03-9.64) <.001

Subjectively active IBD at baseline
(HBI > 4, SCCAI > 5)

2.95 (1.27-6.88) 0.01 2.83 (1.25-6.43) .01

Abbreviations: UC, ulcerative colitis; CD, Crohn’s disease; HBI, Harvey-Bradshaw index for CD; SCCAI, Simple clinical colitis activity index for UC.
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remained consistent across a range of threshold probabilities 
(0%-80%) for reaching a complicated IBD course at 24 
months of follow-up in patients with CD (Figure 2A) and 
UC (Figure 2B). The benefit of these clinical models (which 
utilized noninvasive methods of disease assessment) compared 
with endoscopic disease activity was most pronounced when 
the probability for reaching a complicated IBD course was 
<20% or >50%.

Discussion
Current IBD treatment paradigms rely on the proactive as-
sessment of disease activity with the goal of achieving mu-
cosal healing of the gut.7-9 Biomarkers have been proposed as 
surrogate treatment targets; however, the “target” that should 
be aimed for remains unclear. This study demonstrates that 
the fecal biomarkers fCal or fMPO (at concentrations of fCal 
≥250 μg/g and fMPO >12 μg/g) are independently associ-
ated with longitudinal IBD outcomes, irrespective of clinical 
disease activity. Given that the median time to IBD-related 
complications is 23 weeks after baseline, this study emphasizes 
the value of biomarker measurement at 6 monthly intervals in 
a “treat-to-target” management algorithm. Utilization of such 
algorithms (as incorporated in the clinical models shown in 
Figure 2) appears to provide the greatest benefit in predicting 
a complicated IBD course compared with clinical disease in-
dices or biomarker assessments used in isolation.

The findings of the current study are in line with previous 
observations, which describe an fCal threshold of 250 μg/g 
being associated with active endoscopic disease,26 disease 
progression in CD,10 and normalization of fCal levels below 
this threshold being associated with a reduced risk for dis-
ease progression.27 Previous investigation of fMPO in IBD 
identified 7 μg/g as the optimal threshold for identifying endo-
scopic disease activity.6 Taken together, these findings suggest 
that neutrophil-derived biomarkers such as fCal and fMPO 

reflect the gut inflammatory burden, which ultimately drives 
the long-term progression of IBD.1 Activation of neutrophils 
has been implicated as playing a key role in sustaining the 
abnormal innate immune responses observed in IBD.3 Thus, 
these fecal biomarkers may be appropriate surrogate meas-
ures of disease activity at a snapshot in time and may help 
stratify overall disease prognosis.

Although CRP has previously been associated with IBD ac-
tivity and long-term risk of complications,28,29 fecal biomarkers 
had significantly improved diagnostic precision at identifying 
a complicated disease course in this cohort. This may be due 
in part to the lack of specificity of CRP for gastrointestinal 
inflammation in IBD.30 The STRIDE-II guidelines support the 
use of measuring the IBD symptom burden and for normal-
ization of CRP and fCal during clinical assessments.7 This 
study reiterates the value of clinical symptom indices (espe-
cially in UC), which are simple measures that can be used to 
guide treatment changes and have an influence on longer-term 
outcomes in IBD. However, the performance of these indices 
in prognosticating the longitudinal disease course is signifi-
cantly improved and augmented by the use of biomarkers. 
“Normalization” of fCal may be achieved at a target of 250 
μg/g given the association of this threshold with disease re-
lated complications.

Furthermore, the value of fecal biomarkers in treat-to-
target approaches may be significantly greater than serum 
biomarkers such as CRP. The trade-off in clinical situations, 
however, is the ease and patient acceptability of obtaining 
blood sampling compared with fecal analyses and the ra-
pidity of acquiring biomarker results from serum samples.31 
Regardless of these limitations, this study highlights the pow-
erful potential of fCal and fMPO as adjuncts to disease as-
sessment during routine clinical care. Using a combination 
of fecal biomarkers (either fCal or fMPO), CRP and clinical 
disease activity provided significant benefit in identifying 
individuals at risk for developing a more complicated IBD 

Table 4. Area under the receiver operating characteristics curve (AUROC) of clinical disease indices, biomarkers, and statistical models incorporating 
multiple measures in predicting a complicated inflammatory bowel disease course at 24 months. The highest AUROC are shown in bold.

Crohn’s Disease Ulcerative Colitis

AUROC (95% CI) AUROC (95% CI)

HBI 0.67 (0.57-0.78)

SCCAI 0.83 (0.73-0.93)a

CRP 0.58 (0.47-0.69) 0.69 (0.56-0.81)

fCal 0.72 (0.61-0.83)a 0.85 (0.76-0.95)a

fMPO 0.71 (0.61-0.82)a 0.86 (0.78-0.95)a

CRP + fCal 0.75 (0.65-0.85)a 0.85 (0.78-0.95)a

CRP + fMPO 0.72 (0.61-0.82)a 0.86 (0.78-0.95)a

fCal + fMPO 0.72 (0.61-0.83)a 0.86 (0.77-0.95)a

CRP > 3 mg/L + clinical disease activity 0.65 (0.54-0.75)a 0.80 (0.69-0.90)a

CRP > 3 mg/L + fCal ≥ 250 μg/g + clinical disease activity 0.77 (0.68-0.87)a 0.85 (0.75-0.95)a

CRP > 3 mg/L + fMPO ≥ 12 μg/g + clinical disease activity 0.72 (0.62-0.82)a 0.87 (0.77-0.96)a

fCal ≥ 250 μg/g + clinical disease activity 0.78 (0.70-0.87)a,b 0.84 (0.74-0.94)a

fMPO ≥ 12 μg/g + clinical disease activity 0.73 (0.63-0.83)a 0.85 (0.76-0.95)a

HBI, Harvey-Bradshaw index; SCCAI, simple clinical colitis activity index; CRP, C-reactive protein; fCal, fecal calprotectin; fMPO, fecal myeloperoxidase.
Clinical disease activity = HBI > 4 or SCCAI > 5.
aAUROC significantly different from CRP (P < .05).
bAUROC significantly different from HBI (P < .05).
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course (Table 4 and Figure 2). This trend remained consistent 
across a range of risk thresholds for reaching this outcome 
(Figure 2). Utilizing a combination of clinical disease in-
dices and biomarkers during disease assessment is likely to 
be helpful in predicting the disease course in individuals who 
are at low (<20%) and high (>50%) risk of achieving dis-
ease complications in a 24-month interval (Figure 2). Thus, 

using the models of care as described in this study may help 
identify individuals requiring a closer degree of outpatient 
follow-up and those who may benefit most from escalation 
of IBD therapies.

The neutrophil-derived fecal biomarkers studied in this 
cohort were fCal and fMPO. There were no significant 
differences in the diagnostic precision of either marker 

Figure 2. Decision curve analyses show the greatest benefit for predicting a complicated inflammatory bowel disease (IBD) course at 24 months of 
follow-up is with a multimodal disease assessment (combining the use of fecal and blood markers with clinical disease activity). This is consistent in 
patients with Crohn’s disease (CD; A) and ulcerative colitis (UC; B), and across a range of expected probabilities for reaching a complicated IBD course. 
Abbreviations: fCal, fecal calprotectin; fMPO, fecal myeloperoxidase; active endoscopic disease = simple endoscopic score for CD >2 or UC endoscopic 
index of severity ≥2; active IBD symptoms = Harvey Bradshaw index for CD >4 or simple clinical colitis activity index >5.
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in predicting a complicated IBD course at 24 months 
of follow-up. However, the utility of fCal and fMPO in 
predicting IBD complications in individuals with isolated 
ileal disease requires further exploration and was limited in 
this study by the small sample size of this subgroup. A pre-
vious study highlighted that fMPO is equivalent to fCal at 
detecting moderate to severe endoscopic disease activity in 
IBD, and the majority of fMPO detected is physiologically 
active.6 Optimal thresholds of fCal predicting a complicated 
IBD course remained consistent between the 12 months 
of follow-up reported in the previous study and the cur-
rent 24-month findings (250 μg/g). However, the threshold 
for fMPO was significantly lower for 24-month analyses 
(12 μg/g) compared with those reported for complications 
at 12 months (26 μg/g).6 Furthermore, baseline fMPO ac-
curately predicted a complicated IBD course at 24 months 
in individuals with objectively inactive disease at baseline. 
These results suggest the potential for fMPO to be a sensi-
tive marker to prognosticate the longitudinal disease course; 
however, these findings require validation in external cohorts. 
Additional benefits of fMPO compared with fCal lie in the 
potential for detecting the active MPO component using 
methodologies that allow for a more rapid turnover of results 
compared with routine fCal enzyme linked immunoassays.

The key limitations of this study are the relatively small 
sample size and low frequency of disease complications, which 
will have an impact on the generalizability of the presented 
results. This may have largely contributed to the relatively 
wide confidence intervals for the adjusted odds ratios of fecal 
biomarkers and a complicated IBD course on multivariable 
regression analyses. Thus, the optimal biomarker thresholds 
identified in this study require ongoing external validation be-
fore being widely implemented as the goal of treat-to-target 
management. Additionally, the utility of fecal biomarkers in 
predicting IBD-related hospitalizations and surgeries was 
reduced compared with other components of the study’s pri-
mary composite end point. This may be partly due to the pro-
portion of patients requiring hospitalization and surgery first 
reaching the end points of medication escalation and/or cor-
ticosteroid use but could also reflect the small sample size. 
The effect of this sample size may have also influenced the 
variability in optimal fMPO thresholds between individuals 
with CD and UC, as there were almost double the number 
of participants with CD with a complicated disease course 
compared with those with UC. The cumulative dose of inci-
dent corticosteroid use for study participants and its effect on 
IBD outcomes were unable to be studied in this cohort because 
the time to the first episode of needing steroids (≥4 weeks) for 
IBD relapse was recorded as a dichotomous outcome.

This study included a largely European population, and the 
utility of fecal biomarkers in predicting IBD-related outcomes 
in ethnically diverse populations requires further investiga-
tion. The utility of fCal and fMPO at identifying compli-
cated disease in those with newly diagnosed IBD compared 
with those with established IBD (such as the participants 
included in this cohort) requires further examination in in-
ception cohorts. Additionally, the utility of fCal and fMPO 
at identifying disease complications such as disease exten-
sion, stricture, and intestinal fistulae requires exploration in 
cohorts with follow-up for longer than the 24-month period 
presented in this study.

In summary, fecal biomarkers such as fCal or fMPO are 
useful and independent predictors of longitudinal IBD-related 

complications such as the need for medication escalation and 
healthcare utilization (including the need for hospitalization 
and surgery). These markers are likely to be useful aides to 
clinical care in the era of “treat-to-target” management in IBD.
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