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Abstract: It is often difficult to assess disease activity in inflamma-
tory bowel disease (IBD). Noninvasive biomarkers are a means of
quantifying often nebulous symptoms without subjecting patients
to endoscopy or radiation. This paper highlights markers present in
feces, serum, or urine that have all been compared with the gold
standard, histologic analysis of endoscopically collected speci-
mens. Two categories of markers are featured: well-researched
markers of mucosal inflammation with high sensitivity and speci-
ficity (calprotectin, lactoferrin, and STO0A12) and novel promising
markers, some of which are already clinically employed for reasons
unrelated to IBD (interleukin [IL]-17, IL-33/ST2, adenosine deami-
nase, polymorphonuclear elastase, matrix metalloproteinase-9,
neopterin, serum M30, and fecal immunohistochemistry). The
data pertaining to the more-established markers are intended to
highlight recent clinical applications for these markers (ie, assess-
ing disease outside of the colon or in the pediatric population as
well as being a cost-saving alternative to colonoscopy to screen for
IBD). As there is no evidence to date that a specific marker will
accurately be able to represent the entire IBD patient population,
it is likely that a combination of the existing markers will be most
clinically relevant to the practicing gastroenterologist attempting to
evaluate disease severity in a specific patient. Familiarity with the
most promising emerging markers will allow a better understand-

ing of new studies and their impact on patient care.

nflammatory bowel disease (IBD) is an idiopathic chronic inflam-
matory disorder that encompasses Crohn’s disease and ulcerative
colitis. The 2 diseases are quite different in that Crohn’s disease
can involve the entire digestive tract and all 3 mucosal layers, whereas
ulcerative colitis affects only the colon and the mucosa. Inherent in
the etiology of each disease type might be the answer to why these
diseases have different responses to therapy, as systemic treatment
with anti—tumor necrosis factor (anti-TNF) agents appears to work
better in Crohn’s disease, whereas local treatment with concentrated
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delivery of mesalamine to the colon appears to work better
in ulcerative colitis. However, the clinical presentation of
the 2 diseases is often similar, with diarrhea, abdominal
discomfort, and extraintestinal manifestations involving
skin, joints, and eyes.

Determining disease activity in IBD is difficult, as
patients might have a concurrent source of gastrointesti-
nal symptoms, such as irritable bowel syndrome (IBS) or
infection. Attributing certain clinical symptoms to IBD
has traditionally been accomplished either by examining
biopsy specimens or by using radiologic imaging. How-
ever, these methods are not without risks,'? and there is
much interest in assessing disease severity in a noninvasive
fashion. The pathophysiologic process that drives IBD
has as its endpoint an invasion of the intestinal tissue by
inflammatory cells. The gold standard for assessing intes-
tinal damage is fecal excretion of 'indium-labeled leuko-
cytes,® but because this process involves patient exposure
to radiation as well as prolonged collection of feces, it is
rarely used in clinical practice.

This paper focuses on markers of current disease
activity rather than prognostic information. Therefore,
the discussion does not include antibodies or genes, as
these are not currently used to assess inflammation in real
time. Also excluded are biomarkers present in intestinal
tissue specimens, as patients and doctors alike are focus-
ing on minimally invasive testing using only blood, fecal,
or urine samples.

Current disease activity closely parallels mucosal
healing and has been demonstrated to reflect useful clini-
cal parameters such as response to treatment and potential
to wean off medications. Noninvasive markers of disease
activity are becoming important criteria for enrollment in
clinical trials, and the limitations of the Crohn’s Disease
Activity Index (CDAI) as an accurate gauge of disease
activity were noted most visibly with the SONIC (Study
of Biologic and Immunomodulator-Naive Patients in
Crohn’s Disease) trial.* Additionally, elevated marker
levels have the potential to lead to better understanding
of other inflammatory pathways and subsequent new
drug development. This direct application to patient care
makes noninvasive determination of disease activity in
IBD a vital topic for the practicing gastroenterologist.

Initial attempts to noninvasively gauge disease activ-
ity had employed serologic markers, such as C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR).
These markers have been more recently thought to be less
sensitive and specific than fecal makers, as reviewed in
detail elsewhere.®

The majority of literature on this topic focuses on
fecal calprotectin and lactoferrin. These 2 components of
neutrophils, when excreted in feces, have been proven to
reflect disease activity with good sensitivity and specific-

ity (calprotectin, 70%-100% sensitivity and 44%-100%
specificity; lactoferrin, 66%-80% sensitivity and 67%-
100% specificity).®

There is also growing evidence for newer biomarkers.
The literature on this topic is extensive, with novel indica-
tors being compared with either more-established ones or
activity indices (eg, CDAI, Harvey-Bradshaw Index, and
Pediatric CDAI). The markers that have been assessed with
concomitant histologic or endoscopic data are most clini-
cally relevant, as by design they would be most suited to
replace endoscopy. They are, therefore, highlighted here.
The markers discussed were selected from the plethora of
possible markers because, apart from having confirmatory
endoscopic data, a plausible mechanism for contribution
to epithelial inflammation was described for each.

Calprotectin

Calprotectin, a heterodimer of 2 calcium-binding pro-
teins (S100A8 and S1000A9), is present in the cytosol of
neutrophils (where it makes up almost 60% of the pro-
teins present) as well as in macrophages and monocytes.
It is homogeneously distributed in feces and is stable for
at least 48 hours and, occasionally, as long as 1 week at
room temperature. Its presence in feces directly correlates
with the amount of inflammation present in the colon.
Especially compelling have been the data demonstrating
that calprotectin excretion from colonocytes mirrors fecal
excretion of ''indium-labeled leukocytes.”

A recent meta-analysis of 13 studies (6 in adults and
7 in children and adolescents) compared fecal calprotectin
levels to biopsy samples for detecting intestinal inflam-
mation and included all studies published in Medline
and Embase on this topic through October 2009.% The
sensitivity of calprotectin to determine disease activity in
adults was 0.93 (95% CI, 0.85-0.97), and the specificity
was 0.96 (95% CI, 0.79-0.99). The sensitivity in children
was comparable at 0.92 (95% CI, 0.84-0.96), but the
specificity was lower at 0.76 (95% CI, 0.62-0.86). The
authors advanced the innovative suggestion, which has
not been unanimously adopted at this point, that adult
patients should be screened for IBD using fecal calprotec-
tin levels, as this would decrease the number of patients
requiring endoscopy to diagnose IBD by 67%.

A prior meta-analysis by von Roon and colleagues
with almost 6000 patients demonstrated that calprotectin
levels in children should have a higher cutoff than in adults
(100 pg/g vs 50 pg/g); with this higher cutoff, the sensitivity
and specificity of this marker are 95% and 91%, respectively.’

There is utility in checking calprotectin levels
to determine disease severity, response to treatment,
mucosal healing, relapse, and ability to withdraw from

10-12

treatment. Because the role of calprotectin in reflect-
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ing disease severity is now well established, the recent
literature has focused on its role in special populations,
such as children and patients with predominantly small
bowel disease. A second focus has been on the use of this
biomarker as a substitute for endoscopic procedures, both
in making the diagnosis of IBD and in determining its
severity. Other studies have looked at the various testing
methods for calprotectin to determine which would best
combine accuracy with fast turnaround. Perhaps most
important, in this era of accountable medical care, are
data focused on the cost-effectiveness of using calprotec-
tin levels as a screening tool prior to colonoscopy.

Calprotectin in the Pediatric Population

Three recent studies have focused on the role of calprotectin
in determining disease activity in children. Aomatsu and col-
leagues compared 35 pediatric patients with IBD (17 with
ulcerative colitis and 18 with Crohn’s disease) to 28 healthy
controls.” The median fecal calprotectin level was more
than 1 order of magnitude higher in active than in inactive
ulcerative colitis (1562.5 pg/g vs 38.9 pg/g) and almost 2
orders of magnitude higher than in control subjects without
IBD (19.9 pg/g). This degree of difference was similar in
patients with Crohn’s disease, in whom fecal calprotectin
levels during active disease averaged 2037.5 pg/g, as opposed
to 172.5 pg/g in quiescent disease and 19.9 pg/g in healthy
control subjects. It is noteworthy that this marker is able to
differentiate quiescent disease from both lack of disease and
active disease, as this is an important clinical distinction and
one that is often not easy to make.

Henderson and colleagues compared 91 patients
with IBD and 99 pediatric control subjects without IBD
for whom fecal calprotectin data were available prior to a
colonoscopy.'* The median fecal calprotectin level in patients
with IBD was significantly more elevated than in the non-
IBD control group (1265 pg/g vs 65 pg/g; P<.001). The area
under the curve (AUC) for fecal calprotectin was 0.93 (95%
ClI, 0.89-0.97), which was better than for less-specific mark-
ers, such as white blood cell count and CRP.

Van de Vijver and colleagues studied 117 pediatric
patients with a clinical suspicion of IBD by checking fecal
calprotectin levels but blinding the pediatricians to these
values.”” Using clinical parameters, 68 children were sent
to endoscopy by their pediatricians, but only 54 would
have undergone the procedure if a calprotectin cutoff of
50 pg/g had been used to screen for the procedure. Forty-
two patients were confirmed to have IBD, giving the fecal
calprotectin level a sensitivity of 78%, as opposed to 62%
for clinical judgment.

Calprotectin as a Substitute for Endoscopy

Manz and colleagues conducted a study similar to the one

conducted by Van de Vijver and colleagues, but in adults.*®

The goal was to determine the role of calprotectin in evalu-
ating abdominal pain. A total of 575 consecutive patients
presenting with abdominal discomfort that prompted
endoscopy (405 colonoscopies and 170 endoscopies) were
studied. Calprotectin levels were obtained within a day of
the endoscopy. A cutoff of 50 pg/g resulted in a sensitivity
of 73% and a specificity of 93% for positive findings on
endoscopy. The patients with positive findings had signifi-
cantly higher calprotectin levels than those with normal
findings (97 pg/g vs 10 pg/g; P<.001). Related specifically
to IBD, there were 16 patients with ulcerative colitis and
10 patients with Crohn’s disease with mean calprotectin
levels elevated over baseline for both diseases, although
more elevated for ulcerative colitis than for Crohn’s dis-
ease (152 pg/g vs 69 pglg).

D’Haens and colleagues compared 126 patients with
IBD and 32 patients with IBS by having them all provide
a stool sample prior to undergoing a colonoscopy.'” Using
a fecal calprotectin cutoff value of 250 pg/g resulted in a
sensitivity of 60.4% and a specificity of 79.5% for pre-
dicting active disease in patients with Crohn’s disease as
well as a sensitivity of 71% and a specificity of 100% for
predicting active disease in patients with ulcerative colitis.

Ricanek and colleagues took a population of 109
patients with IBD who were admitted to the hospital
and collected stool samples as well as biopsy data.'® The
calprotectin concentration correlated well with disease
activity in both patients with Crohn’s disease (P=.004)
and patients with ulcerative colitis (P=.031).

Schoepfer and colleagues took a group of 228
patients with ulcerative colitis and compared them with
52 healthy control subjects.”” These researchers demon-
strated that fecal calprotectin correlated better (Spearman
rank correlation coefficient 7=0.821) with endoscopic
disease activity than any of the other clinical parameters
measured (Lichtiger Index, 7=0.682; CRD, =0.556; plate-
let count, 7=0.488; blood leukocyte count, 7=0.401; and
hemoglobin level, 7=-0.388).

Calprotectin in Small Bowel Disease

A study by Jensen and colleagues determined that there is
a role for calprotectin in evaluating small bowel Crohn’s
disease.?® This is important because calprotectin has tradi-
tionally been thought of as being excreted by the inflamed
epithelial lining of the colon exclusively.*? Thirteen of 40
patients with Crohn’s disease had exclusively small bowel
disease as determined by endoscopic or imaging criteria,
and their calprotectin levels were in the same range as lev-
els in patients with colonic disease (890 pg/g vs 830 pg/g,
respectively). Using the cutoff value of 50 pg/g resulted
in a sensitivity of 92% for detecting small bowel disease,
which compared favorably with the equivalent value for
colonic disease (94%).%°
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Calprotectin Testing Methods
The current methods for determining fecal calprotectin
levels include point-of-care testing, enzyme-linked immu-
nosorbent assays (ELISAs), and immunohistochemical
assays. Hessels and colleagues sought to test the reliability
of 2 rapid tests for measuring calprotectin compared with a
time-resolved fluorometric assay, which is considered more
precise but is also more time-consuming.”® The 2 types of
rapid tests used were Prevent ID CalDetect (Preventis)
and Quantum Blue (Bhiilmann). Eighty-five patients with
lower abdominal complaints had stool collected. Quantum
Blue had the better correlation with the time-resolved fluo-
rometric assay (K, 0.77 vs 0.46 for Prevent ID CalDetect).
Sydora and colleagues conducted a similar study to
assess the accuracy of Quantum Blue testing vs ELISA
for calprotectin in differentiating IBD from IBS.* Fifty
patients with Crohn’s disease, ulcerative colitis, or IBS
and healthy control subjects provided samples. The values
looked the same for the control subjects, patients with
IBS, and patients with IBD recently after surgery (pre-
sumably, the inflammation was at least transiently gone).
Excluding these patients, the study had 100% specificity
for Crohn’s disease and ulcerative colitis. The accuracy
rate was 1.00 in Crohn’s disease and 0.89 in ulcerative
colitis in receiver operating characteristics analysis.
Lobatén and colleagues compared Quantum Blue and
ELISA measurements of calprotectin level to endoscopic
data.®® A total of 123 patients with ulcerative colitis under-
went 146 colonoscopies. Using a cutoff of less than 280 pg/g
for Quantum Blue and less than 250 pg/g for ELISA com-
pared with a Mayo endoscopic score of 1 or less resulted in
AUC values of 0.906 and 0.924, respectively, and an intra-
class correlation of 0.904 (P<.001). The cutoffs were more
accurate in demonstrating remission than active disease.
Naismith and colleagues sought to determine whether
calprotectin’s day-to-day variability in the same patient is
relatively low or whether multiple measurements need to
be carried out to establish a patient’s inflammartory status.?
Ninety-eight patients with Crohn’s disease in clinical remis-
sion (by CDAI) provided calprotectin samples on 3 con-
secutive days. The intraclass correlation was 0.84 (95% CI,
0.79-0.89), where the maximum value is 1 (indicating that
there is no daily variation at all in the 3 samples provided
by the same patient). Using a cutoff of 50 pg/g resulted in a
K statistic of 0.648 (0.511-0.769) for how well the samples
agreed beyond chance, which indicates substantial agree-
ment between the 3 samples provided, as greater than 0.8 is
considered to be almost perfect agreement. This study sug-
gests that a 1-time calprotectin measurement is adequate to
gauge disease activity.
An abstract presented at Digestive Disease Week
2013 evaluated 8 different tests for accuracy in determin-
ing calprotectin levels.”” Thirty-three patients with sus-

pected IBD and 31 with confirmed IBD were studied with
3 point-of-care tests (Quantum Blue; Calfast, Eurospital;
and Certest, Biotest), 4 ELISAs (Bhiilmann, Eurospital,
Calpro, and Calprolab), and 1 automated immunoassay
(Phadia). The authors concluded that the point-of-care
tests can safely replace the ELISAs, as all of the studies
had equivalent sensitivities and specificities compared
with an endoscopic scoring system. The authors did note
that there were intertest disagreements in 18% of cases
(usually in mild vs no disease), such that the same patient
might have different results based on the test used.

Cost-Effectiveness of Calprotectin
Mindemark and colleagues determined the expenses that
could have been avoided in terms of colonoscopy fees if
3639 patients had been evaluated for this procedure using
2 fecal calprotectin cutoffs.?® The cost analysis compared
colonoscopy with initial testing of fecal calprotectin, fol-
lowed by scoping patients with calprotectin values that
were over either 50 pg/g or 100 pg/g. The results indi-
cated that a reduction of 50% and 67%, respectively, in
the number of procedures could be achieved using a cal-
protectin screening strategy. The study was performed in
Sweden, where the cost avoidance would be €1,569,989
to €2,131,669 depending on the calprotectin cutoff used.
A limitation of using calprotectin levels as a marker
of disease activity is that they are not specific for IBD,
as they are also elevated in celiac disease, diverticulitis,
microscopic colitis, infections, and neoplastic conditions
of the colon as well as with exposure to medications (eg,
nonsteroidal anti-inflammatory drugs and proton pump
inhibitors). Historically, there has been some doubt
regarding the reproducibility of calprotectin levels in the
same patient,”” although less so in more recent litera-

ture. 2420

Other limitations are that these levels appear to
be a better predictor of relapse in ulcerative colitis than
Crohn’s disease®®?! and that optimal threshold parameters

are still not fully defined.?>%
Lactoferrin

Lactoferrin is an 80-kDa, single-polypeptide, iron-
binding, neutrophil-derived protein present over most
mucosal surfaces, where it is secreted. It is found in
many body fluids, including serum, tears, synovial fluid,
and breast milk.’ It is a major component of secondary
granules of neutrophils, and it is stable at room tempera-
ture for up to 4 days.**® Its function appears to be both
pro- and anti-inflammatory, and it promotes iron uptake
and is antimicrobial.®® Kane and colleagues authored the
first study to demonstrate that this marker can be used
to distinguish IBS from IBD.%* Lactoferrin has a role in
monitoring pediatric IBD and in determining response
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3 More recently, lactoferrin was demonstrated

to therapy.
to be a good marker of pouchitis, compared with direct
examination, in 85 patients with an ileal pouch, with a
sensitivity of 100% and a specificity of 92%.%

A 2009 meta-analysis determined that the sensitivity
and specificity of lactoferrin for detecting active inflamma-
tion are 80% and 82%), respectively.*’ There is a stronger
correlation between lactoferrin levels and ulcerative colitis
than between lactoferrin levels and Crohn’s disease. There
has been a dearth of more recent lactoferrin studies, per-
haps due to the general lower sensitivity of this marker
compared with calprotectin’s sensitivity® or, alternatively,
due to its shorter half-life at room temperature.

Limitations of lactoferrin include that it might not
merely be a reporter protein but might have a direct anti-
inflammatory role when released, that it might be pro-
duced not only by neutrophils but also by epithelial cells*
(ie, it does not appear to be able to differentiate active from
quiescent disease™), and that the level is elevated in patients
with an ileoanal pouch in the absence of visible inflamma-
tion on endoscopy.®* Lactoferrin is nonspecific for IBD,
and levels can be elevated by other infectious processes,
such as those caused by Salmonella spp and Clostridium
difficile, other forms of colitis, colon cancer, or polyposis

36 Levels are also markedly elevated in breast-fed

syndromes.
infants and, therefore, cannot be used to determine intes-
tinal inflammation in this patient population.” The ability
of lactoferrin to evaluate ileal disease is uncertain, as there
are data reflecting poor correlation between endoscopic
findings and lactoferrin level,* but there are also data indi-
cating good correlation with capsule endoscopy.”” This is an

area that warrants future investigation.
The S100 Family of Proteins

This family has 25 members involved in diverse functions
ranging from degenerative diseases (eg, Alzheimer disease
and heart failure) to inflammatory diseases (eg, vasculi-
tis and rheumatoid arthritis) and neoplastic diseases.*
Calprotectin, to date the most studied and widely used
marker, is a heterodimer composed of two S100 proteins.
Apart from calprotectin, another important member of
this family in terms of disease activity in IBD is ST00A12.

The 3 components of the family involved in IBD
are also referred to as calgranulins, due to their ability to
bind calcium and be secreted in granulocytes.”® (S100A8
is calgranulin A, S100A9 is calgranulin B, and S100A12
is calgranulin C.)

Unlike other potential IBD biomarkers—CRED, for
example, which is produced by the liver in response to
systemic inflammation—calgranulins are produced by the
inflamed tissue itself, making them an inherently more
specific marker of colonic inflammation. Calgranulins

have extracellular functions related to inflammation
(although whether they actually participate in the inflam-
mation or help control it is currently unclear) and have
recently been considered damage-associated molecular
pattern proteins (DAMPs). DAMPs interact with recep-
tors such as toll-like receptors and stimulate acute or
chronic inflammation cascades through reactive oxygen
species, inflammatory cytokines, and nitric oxide.”

S100A12

S100A12 is a calcium-binding cytoplasmic protein
expressed by granulocytes and secreted by activated neu-
trophils.*® It is also known as calgranulin C, EN-RAGE
(extracellular newly identified RAGE—a binding protein,
where RAGE stands for receptor for advanced glycation
end products), or cystic fibrosis—associated antigen.
S100A12 is thought to have proinflammatory properties
through activation of nuclear factor kappa B after bind-
ing to RAGE. S100A12 is thought to also be part of a
feed-forward loop, which activates TNF-K, which in turn
activates S1I00A12 release from neutrophils. SI00A12 is
a potent chemoattractant of monocytes, macrophages,
and, to a lesser extent, neutrophils. SI00A12 is resistant
to degradation by fecal bacteria’ and is stable for 7 to 10
days at room temperature.

Manolakis and colleagues and van de Logt and col-
leagues summarized the recent literature on S100A12.%>2
Manolakis and colleagues quote a 96% to 97% sensitivity
and a 92% to 100% specificity for SI00A12 to differenti-
ate IBD from normal gut as well as slightly lower numbers
(86%-97% sensitivity and 92%-97% specificity) to dif-
ferentiate IBD from IBS.* Endoscopically based studies
would bring these numbers to a lower range, with sensi-
tivities of 24% to 97% and specificities of 94% to 97%
for distinguishing IBD from non-IBD in colonic disease,
as described in further detail below.

To date, 5 biopsy-matched studies have evaluated the
role of SI00A12 in determining disease activity (Table
1).5357 There is growing consensus regarding cutoff values
for active IBD vs no IBD, with 75 ng/mL to 82 ng/mL in
serum or 0.06 mg/kg to 1.2 mg/kg in stool as the upper
limit of normal. The cutoff values for active vs inactive
IBD, although more clinically relevant, are less well estab-
lished. There is also substantial agreement between the
studies that SI00A12 is a good marker for colonic disease,
although perhaps less so for small bowel inflammation.

Foell and colleagues studied simultaneous endo-
scopic and serologic data on 12 patients, although the
group studied was much larger.” In this small subgroup,
the researchers noted that »=0.72 for correlation between
S100A12 and endoscopic findings and 7=0.83 for the
correlation between S100A12 and histologic findings
(which is better than the correlations with ESR or CDAI).
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Table 1. Studies of ST00A12

Study N Disease | Median Disease Comparison | Median Comparison | Sensitivity | Specificity | Gold
Group | Group Calprotec- | Group Group Calprotectin Standard

tin Values Values
Foell 119 40 CD, | Active CD, 15 severe HC, 75 ng/mL N/A N/A Endoscopy
et al” adults 34UC 470 ng/mlL; bacterial (P<.001 active CD
(serum inactive CD, infection, vs HC;
S100A12) 215 ng/mL; 30 HC P<.05 inactive CD

(P<.01 active vs vs HG;

inactive CD) P<.001 UCvs HC)

Active UC,

400 ng/mL;

inactive UC,

115 ng/mlL;

(P<.001 active vs

inactive UC)
Leach 88 39IBD | IBD, 196 ng/mL 33 non-IBD, | Non-IBD, 82 ng/mL | 24% 94% Endoscopy,
et al* children | (29 CD, | (27-14,810 ng/mL); | 16 celiac (15-4242 ng/mlL) calprotectin
(serum 4 UC, (P<.01 IBD vs disease
S100A12) 6IBDU) | non-IBD) Celiac disease,

75 ng/mL

CD, 239 ng/mL (17-1707 ng/mL)

(27-14,810 ng/mL);

(P<.01 CDvs

non-IBD)

UC, 750 ng/mL

(247-1391 ng/mL);

(P<.01 UC s

non-IBD)

IBDU, 94 ng/mL

(40-294 ng/mL);

(P>.05 IBDU vs

non-IBD)
Kaiser | 171 S9IBD | 2.45¢1.15 mglkg | 24 IBS, HC, 0.06:0.03 mg/kg | 86% IBD | 100% IBD | Endoscopy
etal” adults (32 CD, 88 infection | (P<.001) vs HC vs HC
(feces 27 UC) (65 bacterial,
S100A12) 23 viral), IBS, 0.05+0.11 mg/kg | 86% IBD | 96% IBD

24 HC (P<.001) vs IBS from IBS

Sidler 61 31IBD | 55.2 mg/kg 30 HC 1.2 mg/kg 97% 97% Endoscopy,
etal® children (8.9-500 mg/kg); (0.5-28.3 mg/kg); calprotectin
(feces cutoff, 10 mg/kg (P<.0001)
S100A12)
Sipponen | 84 14CD | 0.087 pglg 70 non-CD | 0.06 pg/g 59% 66% Capsule
etal” adults (0.008-0.896 pg/g); endoscopy,
(feces (P=.166 for calprotectin
S100A12) distinguishing CD

from non-CD)

CD, Crohn’s disease; HC, healthy controls; IBD, inflammatory bowel disease; IBDU, IBD type unclassified; IBS, irritable bowel syndrome; UC, ulcerative colitis.
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Table 2. Novel Markers of Disease Activity

Marker Cutoff Type of Disease Activity Detected Sensitivity Specificity
IL-17%8 N/A Active vs inactive UC N/A N/A
11-33/ST2% 74.87 pg/ml Active vs inactive UC 83.33% 83.33%
PMN elastase® 0.062 pg/mL IBD vs IBS 76.7% 77.2%
Active vs inactive IBD
Adenosine deaminase®! 9.45 U/L Active vs inactive UC 83.3% 84.2%
MMP-9% 0.245 ng/mL Active vs inactive UC 85.1% 99.99%
Neopterin®¢4 98.4-200 pmol/g Active vs inactive IBD 74%-87.5% 73%-100%
M30% 176.455 U/L Active vs inactive UC N/A N/A
FIT (hemoglobin)® 1.45 mg/g Active vs inactive UC 77% 88%
FIT, fecal immunochemical test; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; IL, interleukin; MMP-9, matrix metalloproteinase-9; PMN,
polymorphonuclear; UC, ulcerative colitis.

Interesting histologic data have also been presented, dem-
onstrating that SI00A12 is preferentially detected at sites
of active inflammation (eg, Crohn’s disease granulomas
and ulcerative colitis crypt abscesses).”

Leach and colleagues evaluated serum and mucosal
S100A12 levels in a pediatric population.”® Serum levels
of calprotectin and S100A12 correlated well with each
other (7=0.746; P<.0001), but the mucosal levels did not.
On a histologic level, this protein was not only expressed
in the lamina propria of noninflamed tissue but was
also abundant in the epithelium of inflamed specimens.
Serum S100A12 was also found to be the most specific
of the markers measured in this study but had lower sen-
sitivity. (Calprotectin, platelets, CRE, ESR, and albumin
measures were all more sensitive.)

Kaiser and colleagues demonstrated that fecal
S100A12 was the most accurate marker of inflammation
of all the markers employed in the study (S100A12, CRP
level, ESR, platelet count, white blood cell count, and
hemoglobin level).”> The authors found similarly low fecal
S100A12 values in patients with IBS and healthy control
subjects and equally elevated levels in patients with Crohn’s
disease and those with ulcerative colitis. Values were also
elevated in active vs inactive disease. In adults, the fecal
S100A12 values did correlate in a weak but statistically
significant fashion with other markers of inflammation,
such as histology inflammation score (r=0.44; P<.01), ESR
(r=0.77; P<.01), CRP level (=0.396; P<.01), platelet count
(r=0.418; P<.01), white blood cell count (=0.287; P<.05),
and hemoglobin level (r=-0.512; P<.001).

Sidler and colleagues studied S100A12 in a pediatric
population and were able to demonstrate that, in this
cohort, fecal S100A12 level had a positive predictive
value of 97% and a negative predictive value of 97% and
was, therefore, more specific than fecal calprotectin for
detecting active disease (97% vs 67%, respectively).”® This
marker did not correlate with calprotectin level, Pediatric

CDAI score, ESR, CRP level, or platelet count and only
weakly correlated with albumin level (r=0.3917; P=.03),
perhaps indicating its unique role in paralleling disease
activity in this patient group.

Sipponen and colleagues demonstrated poor correlation
of S100A12 with capsule endoscopy in terms of detecting
ileal disease, with a positive predictive value of 38% and a
better negative predictive value of 82%.” These findings
might be expected, as fecal markers in general have been
thought of as more illustrative of colonic disease, although
there are some encouraging data for calprotectin as a marker
of small bowel Crohn’s disease, as mentioned earlier.’

A strength of this marker is its high specificity for
active disease (especially compared with other markers) as
well as the fact that it can be measured in both serum and
feces. Limitations include that SI00A12 is nonspecific to
IBD—with levels also being elevated due to other causes,
such as infection (viral or bacterial, including diverticulitis),
polyposis (colon cancer and adenomas), other autoimmune
disorders (celiac disease and immunodeficiency), increased
age, obesity, and physical inactivity—and that SI00A12 is
decreased with more fiber consumption. Another limita-
tion is the weak ability of SI00A12 to measure small bowel
disease, according to current data.®

Novel Biomarkers

The novel markers can be organized into 3 groups: serum
cytokines driving inflammation, such as interleukin
(IL)-17 and IL-33/ST2; enzymes involved in inflammation
at the tissue level, such as adenosine deaminase, polymorpho-
nuclear elastase, and matrix metalloproteinase-9; and break-
down products of the inflammatory process, such as neop-
terin, serum M30, and fecal hemoglobin. Table 2 reviews the
recent studies exploring these agents in further detail.
IL-17 is particularly interesting as a marker of disease
activity because a clinical trial focused on antibody inhibi-
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tion of this cytokine has recently been conducted.” The
antibody to the IL-17 cytokine proved to be ineffective at
controlling disease activity, but the cytokine itself remains
an intriguing parameter for assessing inflammation.

Fecal immunohistochemistry testing for fecal hemo-
globin merits special attention as well, as it is the only
agent among the novel markers for which an immuno-
assay is commercially available (InSure FIT, Enterix).

Conclusion

It is likely that there is no one marker that will reliably
measure disease activity in IBD. However, much work is
being done on a multitude of potential markers, which,
when combined, would likely be more accurate and sensi-
tive than any one alone. Undil then, it is important to
acquire a growing familiarity with the potential candidates
because, apart from gauging current disease activity, they
might also guide treatment avenues in the future. Other
potential markers of disease activity to explore include
proinflammatory chemokines and cytokines found in
serum and tissue using serum Luminex profiling, serum
N6:N3 polyunsaturated fatty acid ratio to determine
ulcerative colitis disease activity, and neutrophil Fe-k
receptor 1 as an activity marker in pediatric IBD.%7

The authors have no relevant conflicts of interest to disclose.
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