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Association of Fecal Calprotectin With Endoscopic and
Histologic Activity in Pediatric Inflammatory Bowel Disease
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Objectives: Fecal calprotectin (FC) is a noninvasive marker of intestinal
inflammation used for screening and ongoing monitoring of inflammatory
bowel disease (IBD); it is unclear the association of specific FC values with
disease activity. The aim of our study was to examine the association of FC
values with endoscopic and histologic severity.

Methods: We performed a retrospective chart review of patients who had FC
done between 30 days and 1 day before colonoscopy at our institution. IBD
patients were graded using the simple endoscopic score for Crohn’s disease
or Mayo endoscopic score for ulcerative colitis. Histologic slides were graded
using the Geboes method.

Results: Three-hundred thirty-one patients were included in the study and
107 had IBD. For endoscopy, median FC was lowest for all IBD patients
with no disease (181 pg/g) and highest in severe disease (921 pg/g), with
significant difference between no disease and moderate and severe disease
(P =0.019, 0.003), and between mild and severe disease (P = 0.012). For
histology, median FC was lowest with no disease (328 pg/g) and highest in
severe disease (895 pg/g), with significant difference between no disease and
moderate and severe disease (P =0.021, 0.018). The control population had a
significantly lower median FC than the IBD population in endoscopic remis-
sion (35.5 versus 181 pg/g; P=0.018).

Conclusions: There was a linear increase in FC values associated with
increasing disease severity in the undifferentiated IBD cohort. Values for IBD
patients in endoscopic remission were significantly different from our control
population. FC may be a useful noninvasive marker to assess disease severity.
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INTRODUCTION

Inflammatory bowel disease (IBD), including Crohn’s disease
(CD) and ulcerative colitis (UC), is a chronic inflammatory disease
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of the gastrointestinal tract with a relapsing and remitting course
(1,2). Treatment goals include mitigating associated complications
arising from the natural course of the disease, such as fibrosis, stric-
tures, and colorectal neoplasms (3). In the past, clinical remission
was the treatment target; however, this does not significantly alter
the natural course of the disease or decrease rate of hospitalizations,
flares, and complications (4).

Furthermore, remission measured with clinical indices does
not correlate with endoscopic remission in adults or children (5,6).

Therapeutic strategies have transitioned to targeting endo-
scopic remission and away from using clinical symptoms, as this has
been shown to alter the natural history of disease, decrease hospi-
talizations, surgeries, and relapses (7,8). In more recent years, pub-
lished data demonstrate that histologic inflammation can persist in
the presence of endoscopic remission and, conversely, achievement
of histologic remission may serve as a more reliable predictor of sus-
tained remission (9,10). Assessing for endoscopic remission requires
direct visualization with endoscopy and remains a costly, invasive,
and uncomfortable procedure; thus, accurate noninvasive testing to
assess for endoscopic or histologic remission would be useful for the
patient and physician alike.

Fecal calprotectin (FC) is a cytosolic protein released by neu-
trophils into the lumen when inflammation is present in the gastro-
intestinal tract and acts as a surrogate marker of neutrophils in the
intestinal mucosa (11,12). FC as a biomarker has shown promise in
assessing intestinal inflammation in IBD in a noninvasive modality
and has been shown to be more accurate than serologic markers for
inflammation, such as C-reactive protein and erythrocyte sedimenta-
tion rate (13—15). Furthermore, FC correlates with endoscopic activ-
ity in IBD patients, although specific cutoff levels for disease severity
have varied widely among multiple studies and may be affected by
location (isolated small bowel versus colonic) and type of discase
(CD versus UC) (16-18). Similarly, some adult studies show that FC
correlates with inflammation on histology; however, those cutoff val-
ues differ from values associated with endoscopic remission (19,20).

The primary aim of our study was to examine the association
of quantitative FC levels with endoscopic and histologic severity in
pediatric patients with IBD. In addition, we aimed to determine if
there were differences in FC levels in IBD patients with endoscopic
remission compared to a cohort without underlying IBD.

MATERIALS AND METHODS

We conducted a retrospective chart review of patients who had
FC done between 30 days and 1 day prior to a colonoscopy at a ter-
tiary academic center between January 1, 2014, and May 30, 2018.
Patients were excluded from analysis if there was documentation of
infection or polyp.

IBD patients were identified by utilization of a locally main-
tained database for pediatric patients with IBD. Controls were defined
as cases whose colonoscopy did not reveal a diagnosis of IBD and
were used to compare FC values to IBD patients with endoscopic
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remission. For the FC test, all stool samples were refrigerated and
analyzed by the same quantitative enzyme-linked immunosorbent
assay from ARUP laboratories (Salt Lake City, UT). The assay used
did not change throughout the study period. Demographics, labora-
tory values, pathology, and colonoscopy results were extracted from
the medical record. This study was approved by the Institutional
Review Board at University Hospitals Cleveland Medical Center,
Cleveland, OH (STUDY20181164).

Endoscopic Scoring

A single pediatric gastroenterologist (J.M.) using the simple
endoscopic score for CD (SES-CD) and Mayo endoscopic score
for UC patients scored disease activity in all IBD patients and was
blinded to all clinical information related to each case other than their
diagnosis. SES-CD consists of 4 components, each with 0-3 points
allocated, which composite the score, including presence and size of
ulcers, extent of ulcerated surface, extent of affected surface and the
presence and type of narrowing (21). All areas of the ileum and colon
were examined, and areas with inflammation were used for grad-
ing. The Mayo endoscopic score for UC patients reflects intestinal
inflammation, and the score is based on degree of erythema, friabil-
ity, visible vascular pattern, presence of ulcerations, and spontane-
ous bleeding (22). Only colonoscopies (sigmoidoscopies excluded)
were assessed and graded based on the area with the highest level of
inflammation. Endoscopic assessment was done using video record-
ings of the colonoscopies or representative images when video was
not available. When still images were used, we verified representative
images from each section of the colon and small bowel to score the
SES-CD. The raw score obtained from SES-CD was further stratified
into the following categories: quiescent (0—2), mild (3—6), moderate
(7-15), and severe (>15) (23). The Mayo endoscopic score ranged
from 0 to 3, indicating varying levels of inflammation in UC patients,
from no disease (0), mild disease (1), moderate disease to severe dis-
ease (2-3) (22).

Histologic Scoring

Disease activity in IBD patients was scored histologically
using the Geboes method, a widely used scoring index that has shown
good reproducibility (24). The Geboes score consists of 6 grades (0:
architectural changes, 1: chronic inflammatory infiltrate, 2A: eosino-
phils in the lamina propria, 2B: neutrophils in the lamina propria, 3:
neutrophils in the epithelium, 4: crypt destruction, 5: erosion and
ulcers) that are then each further subdivided. The original hematoxy-
lin and eosin-stained slides were reviewed by both a pathologist-in-
training (C.G.) and a board-certified pediatric pathologist (S.S.) who
primarily reads histologic slides of pediatric gastrointestinal pathol-
ogy. They were blinded to the clinical and endoscopic details of each
patient. The pathology resident (C.G.) scored each patient and the
senior pathologist (S.S.) confirmed the score. Any discrepancy in
score defaulted to the senior pathologist. The raw scores obtained
from the Geboes method were then stratified into categories of no
disease (0—1), mild disease (2), moderate disease (3—4), and severe
disease (5), based on the experience of the senior pathologist (S.S.).

Statistics

For the descriptive statistics, patient and clinical characteris-
tics were described using frequency and percentages for categorical
variables. Categorical variables were analyzed with the chi-square
test. Boxplots with multiple pairwise comparisons (testing the
association of FC with disease severity) with the significance level
were generated using ggpubr package with ¢ test method and com-
pare means function. Sensitivity and analysis were performed using
“OptimalCutpoints” package in R software.

Non-IBD patients were matched to the IBD patients by age
and gender using nearest method with the ratio 2:1 to generate the
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similar pairwise comparison. In this manner, a larger number of
controls were collected to ensure appropriate matching of age and
gender to the IBD cohort. P values of less than 0.05 were considered
statistically significant for the analyses. All analyses were performed
using SAS software, version 9.4 (SAS Institute, Cary, NC) and R
software, version 3.5.3.

RESULTS

Patient Characteristics

Three-hundred thirty-one patients were included in the
study, with 107 IBD patients and 224 controls. Of the IBD cohort,
63 patients had a diagnosis of CD and 55% percent were male,
with a median age at endoscopy of 14 years (interquartile range
[IQR], 11-16 years; range, 0-21 years). Gender and age distribu-
tion between CD and UC patients did not differ (Table 1). Of the
IBD cohort, 45.8% were new diagnoses at time of endoscopy, and
61.7% (n = 66) had FC levels obtained within 14 days of colonos-
copy. The majority of CD patients had ileocolonic disease (54%)
and the majority of UC patients had pancolitis (65%) at initial
diagnosis. Only a small percentage of established IBD patients had
disease progression from time of initial diagnosis to time of assess-
ment for this study.

The median age of the control population was 12.5 years (IQR,
7-16 years; range, 0-25 years), 52.2% were female, and gender dis-
tribution was no different between the IBD and control populations.
The control population consisted of patients with noninflammatory
diagnoses, such as irritable bowel syndrome, constipation, and func-
tional abdominal pain, while 6% had a diagnosis of celiac disease or
eosinophilic esophagitis.

Endoscopic Activity

Videos for assessment of endoscopic disease were available
for 48 (45%) patients in the IBD cohort, comprising 31 (49%) of
the CD patients and 17 (39%) of the UC patients. When comparing
endoscopic scoring and FC in the overall IBD cohort, the median FC
was lowest in those with no disease (181 pg/g; IQR, 445-749 ng/g),
followed by those with mild (499 ug/g; IQR, 42—779 ng/g) and mod-
erate disease (599 ug/g; IQR, 244-1071 pg/g) and highest in those
with severe disease (921 pg/g; IQR, 462-1422 ng/g) (Fig. 1A). Com-
parison of patients with no disease to moderate and severe disease
(P =10.019, 0.003 respectively) and between mild disease and severe
disease (P = 0.012) revealed no significant differences.

In the CD patients, the median FC was lowest in those with
no disease (181 pg/g; IQR, 21-595 pg/g) and highest in those with
severe disease (944 pg/g; IQR, 448-1457 ng/g); there was significant
difference in FC levels between no disease and moderate and severe
disease (P =0.047, 0.0047, respectively), and between moderate and
severe disease (P = (0.044) (Fig. 1B). In the UC patients, a clear linear
increase of median FC as disease severity increased was not found
(Fig. 1C).

Histologic Activity

When examining histologic scoring to FC in IBD patients, the
median FC level was lowest in IBD patients with no disease (328
ug/g; IQR, 116-833 pg/g), followed by those with mild (399 ng/g;
IQR, 235-1064 ng/g) and moderate disease (674 pg/g; IQR, 325—
1250 pg/g) and highest in those with severe disease (895 ng/g; IQR,
504-1434 pg/g) (Fig. 2A). There was significant difference when
comparing no disease to moderate and severe disease (P = 0.021,
0.018, respectively).

In CD patients, median FC was lowest in those with mild dis-
ease (371 pg/g; IQR, 182-1010 pg/g), highest median FC 8§95 pg/g in
those with severe activity (IQR, 397-1429), and significant differences
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TABLE 1. Patient characteristics

Characteristic Al IBD (n =107) Crohn’s disease (n = 63) Ulcerative colitis (n = 44) P
Age,y +SD 13.66 3.4 13.27+3.5 1422 +£3.1 0.1480
Male, n (%) 59 (55.1) 36 (57.1) 23 (52.3) 0.6942
Endoscopic disease severity, n (%) 0.0110

None 13 (12.2) 11(17.5) 2 (4.6)

Mild 20 (18.7) 9(14.3) 11(25.0)

Moderate 48 (44.9) 23 (36.5) 25 (56.8)

Severe 26 (24.3) 20 (31.8) 6(13.6)
Histologic disease severity, n (%) 0.0481

None 20 (18.7) 15(23.8) 5(11.4)

Mild 17 (15.9) 10 (15.9) 7 (15.9)

Moderate 51(47.7) 23 (36.5) 28 (63.6)

Severe 12 (11.2) 10 (15.9) 2 (4.6)

Disease phenotype of Crohn’s disease at diagnosis

Paris classification Crohn’s disease

Age of patients at diagnosis, y, n (%)

0-10 14 (22.2)

11-17 43 (68.3)

>17 6(9.5
Location of disease, n (%)

Ileal 24 (38.1)

Colonic 5(7.9)

Tleocolonic 34 (54.0)
Penetrating characteristic, n (%)

Nonstricturing nonpenetrating 55(87.3)

Stricturing 4(6.4)

Penetrating 4(6.4)
Growth delay, n (%)

Absent 41 (65.1)

Present 22 (34.9)
Perianal findings, n (%)

Absent 51(80.1)

Present 12 (19.1)

Disease phenotype of ulcerative colitis at diagnosis

Montreal classification Ulcerative colitis

Extent of disease, n (%)

Ulcerative proctitis 6(13.6)

Left-sided UC (to splenic flexure) 6(13.6)

Extensive (to hepatic flexure) 3(6.8)

Pancolitis (proximal to hepatic flexure) 29 (65.9)
Severity of disease, n (%)

Never severe 22 (50.0)

Ever severe (required hospital admission) 22 (50.0)

IBD = inflammatory bowel disease; UC = ulcerative colitis.

were not found between severity groups (Fig. 2B). In UC patients,
the median FC was lowest in those with no disease (94 pg/g; IQR,
30-654 pg/g) and highest in those with severe disease (1206 ng/g;
IQR, 816-1597 pg/g), and FC levels between no disease and moder-
ate disease differed significantly (P = 0.023) (Fig. 2C).

www.jpgn.org

Analysis of Fecal Calprotectin and Endoscopic
Activity

Sensitivity analysis of FC predicting endoscopic inflamma-
tion in the IBD cohort revealed that FC of >50 pg/g and >100 pg/g
yielded sensitivity of 95% and 95% and specificity of 23% and 38%
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IBD = inflammatory bowel disease.

in predicting the presence of any inflammation, respectively. When
matching the FC of endoscopically normal patients by age and gen-
der, the control group (n = 26) had a significantly lower median FC
than the IBD population (n = 13) with endoscopic remission (35.5
versus 181 pg/g; P =0.041; Fig. 3).

DISCUSSION

This is one of the first pediatric studies comparing FC with
endoscopic and histologic activity in an IBD cohort. We demon-
strated significant differences in median FC when comparing them
to endoscopic and histologic disease severity. We found a linear
increase in FC levels as disease severity increases on both the macro-
scopic and microscopic level in our overall IBD cohort. On subanaly-
sis of CD and UC, we found a less clear linear progression of median
FC coinciding to disease severity. Comparison of the IBD cohort in
endoscopic remission with the control population revealed a signifi-
cant difference in FC levels (181 versus 35.5 pg/g), suggesting the
normative FC values for pediatric patients with IBD in endoscopic
remission may be higher than expected.

Published data on the applicability of FC as a noninvasive
marker of inflammation in IBD patients have largely focused on the
adult population and tends to assess the ability of FC to predict the
presence of any histologic and endoscopic activity. Several adult
studies have shown that IBD patients without endoscopic and/or his-
tologic activity have lower FC levels compared with those with any
activity (16, 19, 20, 25). FC levels correlate significantly with endo-
scopic disease severity in adult CD patients, however, SES-CD was
stratified into 3 categories (no disease, mild, moderate/severe), poten-
tially owing to more statistical significance in this category compared
with our study (16). Relatively, fewer pediatric studies on the topic
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have been published. A pediatric study of CD patients revealed lower
FC values in patients with mucosal and deep healing compared
with those without healing (17). Our results reflect a unique level
of granularity in pediatric data given we demonstrate differences in
median FC values between disease severity and between activity ver-
sus remission on a macroscopic and microscopic scale.

FC has been shown to be a highly sensitive screening tool
for IBD in the evaluation of undifferentiated pediatric patients with
abdominal pain or diarrhea, when cutoff values for normal were set
at 50-100 pg/g, with sensitivity up to 95% (26). We found similar
results for our FC testing in our control population for 50 and 100
ng/g, with a sensitivity of 95% for both cutoff values. Larger stud-
ies are needed to more precisely determine cutoff values that predict
not only IBD in undifferentiated patients but also presence of ulcers
in known IBD patients. D’Haens et al (18) found the cutoff of 250
ng/g to be the most accurate predictor of the presence of ulcerations
on endoscopy in adult CD patients. As the use of FC to assess and
predict the need for additional endoscopic procedures and/or medica-
tion changes becomes more integrated into clinical practice, having a
standard cutoff that reliably predicts endoscopic remission in pediat-
ric IBD patients is an urgent need.

It is interesting to note that the median FC of those in histo-
logic remission was comparatively higher than those in endoscopic
remission when looking at our IBD cohort as a whole (328 versus 181
ug/g). Adult studies have shown lack of correlation between endo-
scopic lesions and histology and that histologic inflammation persists
despite endoscopic remission, suggesting FC might be lower in those
with histologic remission compared with endoscopic remission (10,
27). A large range of those in histologic remission (16—-1865 pg/g;
IQR, 116833 pg/g) with presence of outliers may explain our find-
ings. Further chart review of the outliers noted several patients with
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Association of Fecal Calprotectin With Endoscopic and Histologic Activity

2000

1800

p=0.041

1600 [

1400

1200

1000

800

Fecal Calprotectin

600

400

200

n=13
IBD

n=26
CONTROL

FIGURE 3. Comparison of median fecal calprotectin levels in IBD patients in endoscopic remission versus matched controls.

IBD = inflammatory bowel disease.

FC greater than 1000 pg/g whose total clinical picture was not sug-
gestive of ongoing inflammation. Although it is generally accepted
that FC has a stronger correlation with colonic disease, some studies
do show correlation with small bowel disease (28). Due to the ret-
rospective nature of this study, temporal small bowel imaging was
not consistently available for review in the outliers, and it is possible
that active small bowel disease could have contributed to some of
these data points despite chart review suggesting clinical remission
(ie, review of clinical notes with symptom description, laboratory
values). Another consideration includes sampling variability, not-
ing that biopsy samples are relatively small and may not always be
taken precisely at the area of greatest inflammation. Undocumented
or unidentified infection and unidentified polyps could conceivably
contribute here.

Strengths of our study include assessing FC levels in an exclu-
sively pediatric IBD cohort, using both endoscopic and histologic
indices of disease severity. Disease activity assessments were made
by a pediatric gastroenterologist with prior experience in SES-CD
scoring and a pediatric pathologist specializing in gastrointestinal
pathology.

Our study has several limitations. Up to 45% of the IBD
cohort had videos available for endoscopic scoring, and we did not
use a central reading process. While greater inter-rater reliability of
endoscopic scoring systems has been shown using video recordings
compared with photographs (29-31), other published reports sug-
gest variability, and 1 study suggests at least moderate inter-rater
reliability when using picture representation for the Mayo UC score
(32). The variation in media in our study is a reflection of its ret-
rospective nature. Similarly, there was no central reading process
for the histologic grading, although the Geboes method has been
shown to have good reproducibility (24). Sample size needs to be
acknowledged as a significant limitation in the study, as evidenced
by comparatively less significant findings on subanalysis of CD and
UC. While a good linear progression of median FC was evident as
disease severity increased endoscopically and histologically in the
entire IBD cohort, subanalysis showed less progression, which lim-
ited our ability to accurately assess these subcohorts. Furthermore,
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sample size limited assessment of FC and disease activity by phe-
notype of UC and CD patients, which may have provided further
insight into lack of correlation in the subanalyses, given it has been
shown that FC correlates both with severity and location of disease
(33). Outliers seemed to have impacted the relatively small sample
size as noted by the range and IQR of each disease severity (See
Supplementary Table 1a, b, http:/links.lww.com/PG9/A61). FC lev-
els also vary over the course of a day in active UC; additionally,
we were unable to reliably document use of proton pump inhibitors
or nonsteroidal anti-inflammatory medications, which may lead to
elevated FC levels (34,35).

In conclusion, we demonstrate FC association with disease
severity on endoscopic and histologic assessment in a pediatric IBD
cohort. Complementing the published literature on this subject thus
far, FC may be useful in predicting disease severity; however, larger
multicenter, prospective studies are required to confirm these find-
ings and allow for more extensive analysis based individual diagno-
ses and degree of severity.

Additionally, what constitutes a “normal” FC value for pediat-
ric patients with IBD in endoscopic remission needs to be evaluated
further with larger cohorts, as this may not be similar to otherwise
healthy pediatric patients without IBD. While endoscopic surveil-
lance and biopsy are still the gold standard for diagnosis and assess-
ing disease severity in IBD patients, the use of FC as a noninvasive,
cost-effective tool for serial assessment of IBD activity.
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