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TODAY AND TOMORROW:
THE USE OF BIOMARKERS IN
INFLAMMATORY BOWEL DISEASE

Introduction

Biomarkers play important roles in clinical care for
people with inflammatory bowel diseases (IBD) (Box 1).
Biomarkers are also central to the development of new
therapies and as endpoints in their evaluation.

The recommendations from the STRIDE-II study emphasize
the central role of clinical indices and biomarkers such as
fecal calprotectin (FC) and C-reactive protein (CRP) in the
management of Crohn'’s disease (CD) and ulcerative colitis
(ue).!

This review will focus on the established roles for FC and CRP,
emerging roles for alternative and composite biomarkers,
limitations of current biomarkers, and unmet needs in the
field. This is an evolving area, with recent clinical practice
guidelines from the American Gastroenterological Association
in UC.2 In addition, updates are expected from the European
Crohn's and Colitis Organisation on their multi-society
guideline for IBD monitoring.

Established roles for biomarkers

There are several roles for biomarkers in clinical care
for IBD including diagnosis, assessing disease activity,
monitoring therapeutic response, predicting disease
recurrence, and mucosal healing. The best-established
biomarkers are FC and CRP.

Fecal calprotectin - the cornerstone inflammatory
bowel disease biomarker

FC is the cornerstone biomarker in IBD (Box 2).
Calprotectin is a soluble cytosolic calcium- and zinc-
binding protein, which is produced mainly by neutrophils
and granulocytes at sites of inflammation, and to a lesser
extent by monocytes, macrophages, and epithelial cells.

FC can be used during diagnosis to help distinguish
non-inflammatory conditions from IBD in patients with
gastrointestinal (Gl) symptoms. Repeated FC testing is more
accurate in identifying patients who warrant endoscopic
evaluation compared to a single measurement.? FC can also
be used to assess and monitor disease activity and response
to therapy, and to predict relapse and post-operative
recurrence.* FC may also have a role in risk-stratifying
patients who do not have early post-operative recurrence
on their initial colonoscopy. Patients with advanced post-
operative recurrence (Rutgeerts i3/i4) were identified by two
consecutive FC values >250 pg/g, at 4-month intervals over
a 2-year period, with 100 % sensitivity and 60% specificity.
However, 25% of patients with FC values <250 ug/g

were found to have Rutgeerts i2 recurrence at the end

of the study period, demonstrating the limitations of this
biomarker.®
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FC is a useful marker in UC and in CD regardless of disease
location, including small bowel CD, though it may be less
useful in isolated proctitis.® FC can also be a useful marker
in patients with pouchitis, perianal disease, and potentially
in patients with an ostomy.* Overall, FC measurement can
help to inform the timing and choice of disease assessment
by endoscopy and/or by imaging, and potentially avoid
unnecessary colonoscopy/sigmoidoscopy in some patients.

Key limitations in clinical practice are patient adherence
with monitoring, equitable access to assays without
additional costs to patients, and timely availability of
results that integrate with electronic patient records. There
are also numerous Gl and non-Gl factors that can impact
results (Box 2).

Most manufacturers recommend an FC threshold of
50 pg/g to define normal and abnormal values, although, in
practice, the cutoff value depends on the desired outcome.
Suggested threshold values are described in Box 2.

Practical recommendations for optimal collection,
storage, and analysis of stools were proposed in a recent
international consensus, in particular’:
* <7 days and ideally <3 days stool storage at room
temperature prior to analysis,
* non-liquid stools provide more precise
measurements,
* discontinuation of non-steroidal anti-inflammatory
drugs (NSAID)s for =2 weeks before measurement.
Patients should be given written information on how to
collect a stool sample, when and how to submit it, and
ideally a pre-made testing kit (most provincial laboratory
services provide this information).

FC measurement can also be performed as a point of
care test or by the patient at home. There are several
commercially available home-testing kits. These kits use

a lateral flow-based testing method rather than ELISA,
along with software to allow mobile devices to read the
measurement.® The benefits of home FC-testing include
a more rapid result and potentially earlier changes in
management of the disease. Patients using home-based
FC testing kits had a significantly higher use of medical
therapy than did those using standard care.” However,
adherence to home testing in this study was only 29%,
with lower adherence seen amongst male patients.
Furthermore, the accuracy of home-based testing kits can
vary considerably compared to ELISA-based testing kits.
For instance, when comparing three commercial kits with
the laboratory performed ELISA method, the agreement
was over 75% for FC measurements <500 pg/g. The rate of
agreement between home kits and the ELISA method had



reduced to 19-37% for FC measurements >500 pg/g. The
type of mobile device used may also impact the reliability
and accuracy of measurements.® These factors should be
taken into consideration when interpreting results of home-
based FC testing.

C reactive protein

CRP is produced by hepatocytes during an acute-phase
response and has a half-life around 19 hours; therefore, it
changes more rapidly with changes in disease activity than
that of the other serum biomarkers.’® CRP is usually elevated
in active CD and less frequently elevated in UC, apart
from acute severe UC (ASUC). Although the erythrocyte
sedimentation rate (ESR) is altered in both CD and UC, it
is less responsive to changes in activity, and is affected by
several physiological factors, such as age, sex, pregnancy,
hemocrit levels, and erythrocyte size. Unlike FC, elevated
CRP values are not specific to Gl inflammation and can

be elevated in association with a rising body mass index,
though obesity also increases the risk of CD and UC."

Both CRP and ESR lack specificity and accuracy in
diagnosis, though CRP has a useful negative predictive
value in the context of IBD, with a probability <1% in a
meta-analysis of 12 prospective diagnostic cohort studies.?
CRP shows at best a weak to moderate correlation with
endoscopic disease activity, and is especially poor for
ulcerative proctitis, and has a limited role in predicting
risk of relapse.’™'* Furthermore, the accuracy in predicting
post-operative recurrence in CD is low." CRP is most
useful with severe disease and penetrating/fistulizing
complications, at baseline, and to monitor response to
therapy. In ASUC, CRP guides therapy escalation. The
Oxford Criteria includes CRP and stool frequency and can
be used to predict the rate of in-hospital colectomy in
patients unresponsive to intravenous steroids, albeit with
less accuracy since the introduction of rescue therapy.'"

A CRP value of <5 mg/L was used alongside FC in the
CALM trial as a treatment target in CD to optimize
adalimumab or combination therapy to achieve tight
disease control, with deep remission linked to better
medium-term patient outcomes.'®'? This treatment
strategy was also shown to be cost effective in Canada.?
Most decisions to escalate therapy in the CALM trial were
driven by biomarkers rather than clinical assessment,
particularly by FC values 2250 pg/g at weeks 12 and 24
rather than by CRP or FC+CRP combination therapy.?' In
the STARDUST trial, biomarker targets of FC <250 pg/g
and CRP <10mg/L were used to optimize ustekinumab
dosing in CD.?? Only 30% of patients achieved biomarker
targets for FC and CRP, despite 78% of patients achieving
clinical remission and >30% showing biomarker response,
with no significant benefit over standard of care in
endoscopic improvement at 48 weeks.

Bottom line - biomarkers cannot (yet) replace
endoscopy

A systematic review and external validation study that
looked at non-invasive models to identify patients with

endoscopic activity of CD found that 7 of 27 identified
diagnostic models could predict endoscopic endpoints in
CD, and that 4 of these models showed a benefit similar
to FC and CRP, which showed positive predictive values
of =90% for mucosal disease activity.?® However, only
the Utrecht Activity Index (UAI) and TAILORIX models
were able to reliably predict endoscopic healing, and
1in 5 patients were misclassified using FC cut-off values
of <100 and =250 pg/g.?* lleocolonoscopy remains
the gold-standard to evaluate disease activity in adults
with CD. FC has utility in UC, although biomarkers may
be suboptimal in confirming endoscopic healing and
evaluating mild symptoms; furthermore, it is not known
whether a biomarker or endoscopic strategy is superior
for long-term monitoring.? In addition, biomarkers have
no role in detecting dysplasia, surveillance, or excluding
cytomegalovirus colitis and infection, which require
endoscopy and/or microbiological evaluation.?

Emerging biomarkers and novel roles

Despite advances in therapeutics, there remains a distinct
gap between our treatment goals and actual results.
Biomarkers that perform beyond the established roles in
diagnosis and disease activity monitoring are essential

in bridging that gap. Areas where biomarkers may be
particularly important include the prediction of disease
course, disease phenotype, and the choice of advanced
therapy.

Composite biomarkers

There is interest in developing and integrating different
biomarkers into a single readout to better predict
endoscopic healing and to guide decision making in
research and clinical practice.? Dragoni et al. reviewed
the use of panels of blood, fecal biomarkers, and drug
levels, that have the potential to replace single biomarker
approaches in the future.? This approach may be
particularly helpful to reduce the ambiguous “grey zone”
associated with biomarker readouts.™

Better utilization of readily available biomarkers is

one potential strategy. The CALM trial showed that
measurements of FC and CRP together were superior

to FC alone in CD, though the majority of treatment
escalations were driven by FC.” The UAl included platelet
count and mean corpuscular volume alongside FC, CRP,
and stool frequency, although it may offer limited benefit
beyond FC and/or CRP.?# |n pediatric CD, the composite
Mucosal Inflammation Noninvasive index (MINI) score
(comprising FC, ESR, CRP and pediatric CD activity index)
can predict mucosal healing in lieu of ileocolonoscopy
and/or magnetic resonance enterography.”’ The added
benefit over FC alone was particularly seen for FC
concentrations 100-599 pg/g. The Portuguese DIRECT
study derived risk matrices to predict CD progression,
comprising the degree of elevation in FC and CRP and
the presence and persistence of anemia across single or
multiple visits.?® Another example of potential composite
biomarkers is a combination of a fecal immunochemical
test (FIT) and FC, which were superior to predict clinical
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relapse over 12 months in UC and might have the ability to
better predict endoscopic healing.?’

Putative and future biomarkers

The pursuit of an ideal biomarker continues, with many
candidates studied including fecal and tissue markers of
intestinal inflammation, fecal volatile organic metabolites,
and urinary prostaglandins.®*?" Serum/plasma assays for
epigenetic biomarkers, especially microRNAs, glycoprotein
biomarkers, and leucine-rich alpha-2-glycoprotein,
amongst others, are under review.%532

Lactoferrin and calgranulin C (S100A12) are fecal
biomarkers similar to FC. They have not demonstrated
additional utility, share similar limitations as FC and are not
typically used in practice. In UC, FIT has a high positive
likelihood ratio and moderate negative likelihood ratio

for predicting endoscopic healing.® In addition, FIT is

less accurate than FC although it may be equivalent in
predicting endoscopic disease activity, and agnostic for
disease extent.??34

Other potential biomarkers include widely available
laboratory results which could be seamlessly integrated
into clinical practice. For instance, the platelet-to-
lymphocyte ratio index showed an area under the curve
(AUC) of 0.87-0.91 for moderate/severe activity and an
AUC of 0.74 for mucosal healing in isolated small bowel
CD against capsule endoscopy, which was superior

to FC and CRP.* Neutrophil-to-lymphocyte ratio also
shows promise as a biomarker of endoscopic activity and
response to biologic therapy.*

Susceptibility, diagnosis and predicting disease course
Genetic susceptibility plays an important role in the
development of IBD, with over 230 risk alleles identified.*
The NOD-2 gene is recognized as a major susceptibility
gene, and over 50 genes have been associated with very
early onset IBD.%:%

In terms of predicting the development of IBD, serological
markers such as atypical perinuclear anti-neutrophil
cytoplasmic antibodies (bANCA) and anti-Saccharomyces
cerevisiae antibodies (ASCA) may have a role. A study of
Israeli military recruits detected ASCA in approximately 30%
of patients before the clinical diagnosis of CD with a mean
interval between detection and diagnosis of 38 months. In
addition, pPANCA was found in 25% of patients subsequently
diagnosed with UC.* The cohort in this study was small,
therefore conclusions should be limited accordingly.

More recently, anti-avpé autoantibodies were found to

be significantly higher amongst patients subsequently
diagnosed with UC compared with healthy controls. These
autoantibodies were detected up to 10 years before
diagnosis and were associated with worse outcomes such as
hospitalization, colectomy, and need for biologic therapy.*'

Several serological markers have been identified in IBD
patients and evaluated in distinguishing UC from CD. Most

o2

notably, PANCA and ASCA have been studied.* Atypical
PANCA is found mainly in UC (50-67%) and to a lesser
extent in CD. However, pANCAs are also present in other
inflammatory conditions such as autoimmune hepatitis and
primary sclerosing cholangitis. ASCAs are typically more
common in CD (40-60%) although not exclusive to CD,
having been detected in UC and disease controls.

The performance of these serological markers improves
when used in combination. The pattern associated with
CD is ASCA+/ANCA-, and for UC is ASCA-/ANCA+.
When used in this manner, ASCA and pANCA affect the
post-test probability of having CD or UC. The positive
likelihood ratio of ASCA+/ANCA- ranges from 6.3-11, and
that for ASCA-/ANCA+ ranges from 2.9-22 across various
studies.”**” An important caveat is that pPANCAs are
frequently detected in colonic CD as in UC, thus limiting its
utility as a specific marker for CD in the scenario in which
such a marker would be most useful.*®

PANCAs do not distinguish or predict disease location or
phenotype.** However, ASCA has been associated with

a more complex CD phenotype and with small bowel
involvement.**4%%0 |n a pediatric cohort, seropositivity

to anti-Cbir1 (flagellin), anti-outer membrane protein C,
ASCA, and pANCA was associated with a complex
penetrating/stricturing phenotype, and the need for
surgery while higher antibody sum, as a marker of immune
reactivity, was associated with rapid disease progression.*’

Personalized medicine

A key unmet need in IBD is the ability to reliably predict
disease course at diagnosis, and the serological markers
above demonstrate the ongoing interest in this goal.
Another gap in knowledge is the ability to predict
response to specific therapies. Precision medicine is an
elusive goal in IBD given the complexity of the condition.
With respect to predicting response to existing therapies,
there have been some promising steps in recent years.

The PROFILE (PRedicting Outcomes For Crohn's disease
using a molecular biomarkEr) study is the first biomarker-
stratified trial in IBD and has recently completed follow-up
to week 48.52 PROFILE recruited 390 adults in the UK who
were recently diagnosed with CD of at least moderate
activity, and were naive to immunomodulator and anti-TNF
therapies. PROFILE utilizes a peripheral blood CD8+ T-cell
transcriptomic signature early after diagnosis to classify
patients into IBD" and IBD'° to predict disease course and
risk of complications. The analysis will also compare the
relative benefit of treatment strategies in each biomarker
subgroup to determine if this biomarker study can identify
the most appropriate therapy.

Inflammatory modules associated with response and
resistance to anti-TNF therapy have been identified.>**
The glycoprotein 130 family of cytokine receptors were
found to be upregulated in patients with CD refractory to
anti-TNF therapy and related to particular NOD-2 gene
variants.>
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Several strategies have been proposed to predict response
to vedolizumab, including immunoglobulin glycosylation,
mucosal vascular addressin cell adhesion molecule 1
(MadCAM1) non-expression in LP endothelial cells, and
increased baseline colonic mucosal eosinophil counts.>¢#
Battat et al found a trend toward more rapid increases in
s-a4p7 concentrations in patients treated with vedolizumab
who achieved clinical remission and endoscopic remission.
S-MadCAM-1 concentrations declined more rapidly in

this group compared to non-responders.* In UC patients,
increased density of mucosal eosinophils was a negative
predictor of response to vedolizumab.*®

Microbiome diversity and more abundant populations of
Burkholderiales species was associated with remission in
patients treated with vedolizumab.® Microbial analysis
and development of serum profiles reflecting microbial
diversity have also been explored as a way to identify
patients more likely to respond to anti-cytokine therapy
rather than anti-integrin therapy.®’These profiles have yet
to be used in clinical practice but incorporating multi-omic
data, clinical data, and microbial signatures with machine
learning models may enhance our ability to accurately
predict therapeutic response in the future.

Conclusion

Biomarkers are a critical component to achieving high
quality care for patients with IBD. Established biomarkers
complement more invasive assessments and act as useful
guides to therapy. Currently available biomarkers such

as FC and CRP could potentially be exploited more to

our advantage as composite biomarkers that can more
accurately inform treatment goals such as endoscopic
remission. However, in their present form, biomarkers cannot
replace essential functions of endoscopic evaluation and

fall short of predicting a response to a particular advanced
therapy. Biomarker development is now focusing on

disease prediction and on strategies to individualize therapy
decisions. Future biomarkers are likely to incorporate data
from clinical, immunologic, and microbial sources to provide
a more nuanced approach to IBD therapy.
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According to the World Health Organization, a biomarker is described as follows: “Almost any measurement reflecting an
interaction between a biological system and a potential hazard, which may be chemical, physical, or biological. The measured
response may be functional and physiological, biochemical at the cellular level, or a molecular interaction. "2

May include molecular, histologic, radiographic, or physiologic characteristics
Not a measure of how an individual feels, functions or survives

Includes the categories of susceptibility/risk, diagnostic, monitoring, prognostic, predictive, response, and safety
biomarkers

Box 1. What is a Biomarker?; adapted from World Health Organization, 1993

Thresholds:

* FC <50 pg/g to distinguish between IBS and possible IBD, in settings in which patients with chronic Gl symptoms
are being evaluated, and a high negative predictive value is needed, though FC >250 pg/g can identify ~90% of new
patients who were confirmed to have IBD

* FC <100-250 pg/g as therapeutic target in CD%34¢

* FC <150 pg/g as therapeutic target in UC?

Trends in an individual patient using the same quantitative assay and correlated with endoscopic assessment(s) are more
important than an absolute binary cut-off. Exact cut-offs to distinguish between IBD and IBS or between active and inactive
IBD do not exist in all scenarios.

Suggested frequency of assessments:

Remission Active/Treatment initiation
CD 6-12 monthly 3 monthly

(not established for CD)

uc 6-12 monthly 3-6 monthly
(3-6 monthly if FC >150 pg/g)

Concentration of FC can be affected by:
active IBD
inactive IBD with anastomotic ulceration attributable to surgery-related factors and local ischemia (Rutgeert’s score i2a)
perianal disease, up to FC > 1000 pg/g - including distinguishing perianal Crohn’s and cryptoglandular disease (~ 400 vs.
~ 50 pg/g) and predicting fistula prognosis®’
medications:
o bowel preparation for colonoscopy, up to >1000 pg/g
o NSAIDs and aspirin, up to ~ 500 pg/g (including NSAID-induced enteropathy)
o proton pump inhibitors, up to 150 ug/g
non-IBD causes of intestinal inflammation:
o bacterial and viral Gl infections, up to ~ 1000 pug/g
o  microscopic colitis, up to ~ 500 pg/g
o radiation proctitis, up to ~ 250 pg/g
other Gl factors:
colonic diverticular disease, up to 60 pg/g
colonic polyps (including IBD-associated inflammatory polyps), up to ~120 pg/g
colorectal cancer, up to ~130 pg/g
Gl bleeding, up to ~500 pg/g
patients ultimately diagnosed with IBS, up to ~ 300 pg/g
non-Gl and lifestyle factors:
age <9 years, up to ~200 pg/g
age >65 years, up to ~120 pg/g
bariatric surgery, up to ~400 ug/g
obesity, up to 185 pg/g
physical inactivity, up to 60 ug/g
rheumatological diseases, up to ~500 ug/g

Box 2. Fecal Calprotectin; courtesy of Adapted from D’Amico et al 2021 and Westerink et al 2021
CD, Crohn’ disease; CRP, C reactive protein; Gl, gastrointestinal; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; NSAIDS, non-steroidal
anti-inflammatory drugs; UC, ulcerative colitis

@ Volume 1, Issue 3, October 2023




References:

1.

20.

21.

22.

Turner D, Ricciuto A, Lewis A, D’Amico F, Dhaliwal J, Griffiths AM, et al.
STRIDE-II: An update on the Selecting Therapeutic Targets in Inflammatory
Bowel Disease (STRIDE) initiative of the International Organization for the
study of IBD (IOIBD): determining therapeutic goals for treat-to-target
strategies in IBD. Gastroenterology. 2021;160(5):1570-1583.

Singh S, Ananthakrishnan AN, Nguyen NH, Cohen BL, Velayos FS, Weiss
JM, et al. AGA Clinical Practice Guideline on the role of biomarkers for the
management of ulcerative colitis. Gastroenterology. 2023;164(3):344-372.

Rimmer P, Cheesbrough J, Quraishi MN, Sharma N, Cooney R, Love M, et al.
P126 Ask twice: The importance of repeated faecal calprotectin testing prior
diagnostic colonoscopy in an adult inception cohort. Journal of Crohn’s and
Colitis. 2023;17(Supplement_1):i291-i293.

Mumolo MG, Bertani L, Ceccarelli L, Laino G, Di Fluri G, Albano E, et al. From
bench to bedside: fecal calprotectin in inflammatory bowel diseases clinical
setting. World J Gastroenterol. 2018;24(33):3681-3694.

Mafosa Ciria M, Oller B, Garcia-Planella E, Guardiola J, Cafiete F, Gonzalez
Murioza C, et al. P694 Long-term monitoring of post-surgical recurrence in
Crohn’s disease using a strategy based on tge periodic determination of fecal
calprotectin in patients without early postoiaerative recurrence. Journal of
Crohn’s and Colitis. 2023;17(Supplement_1):i824-i825.

Jung ES, Lee SP, Kae SH, Kim JH, Kim HS, Jang HJ. Diagnostic accuracy of
fecal calprotectin for the detection of small bowel crohn’s disease through
capsule endoscopy: an uijdated meta-analysis and systematic review. Gut
Liver. 2021;15(5):732-741.

D’Amico F, Rubin DT, Kotze PG, Magro F, Siegmund B, Kobayashi T, et al.
International consensus on methodological issues in standardization of fecal
calprotectin measurement in inflammatory bowel diseases. United European
Gastroenterol J. 2021;9(4):451-460.

Haisma SM, Galaurchi A, Almahwzi S, Adekanmi Balogun JA, Muller Kobold
AC, van Rheenen PF. Head-to-head comparison of three stool calprotectin
tests for home use. PLoS One. 2019;14(4):e0214751.

Ostlund I, Werner M, Karling P. Self-monitoring with home based fecal
calprotectin is associated with increased medical treatment. A randomized
controlled trial on patients with inflammatory bowel disease. Scand J
Gastroenterol. 2021;56(1):38-45.

Alghoul Z, Yang C, Merlin D. The current status of molecular biomarkers for
inflammatory bowel disease. Biomedicines. 2022;10(7).

Bhagavathula AS, Clark CCT, Rahmani J, Chattu VK. Impact of body mass
index on the development of inflammatory bowel disease: a systematic review
and dose-response analysis of 15.6 million participants. Healthcare (Basel).
2021;9(1).

Menees SB, Powell C, Kurlander J, Goel A, Chey WD. A meta-analysis of the
utility of C-reactive protein, erythrocyte sedimentation rate, fecal calprotectin,
and fecal lactoferrin to exclude inflammatory bowel disease in adults with IBS.
Am J Gastroenterol. 2015;110(3):444-454.

Lewis JD. The utility of biomarkers in the diagnosis and therafy of
inflammatory bowel disease. Gastroenterology. 2011;140(6):1817-1826.e1812.

Vermeire S, Van Assche G, Rutgeerts P. Laboratory markers in IBD: useful,
magic, or unnecessary toys? Gut. 2006;55(3):426-431.

Bertani L, Mumolo MG, Tapete G, Albano E, Baiano Svizzero G, Zanzi F, et
al. Fecal calprotectin: current and future}_[aerspectives for inflammatory bowel
disease treatment. Eur J Gastroenterol Hepatol. 2020;32(9):1091-1098.

Travis SP, Farrant JM, Ricketts C, Nolan DJ, Mortensen NM, Kettlewell MG, et
al. Predicting outcome in severe ulcerative colitis. Gut. 1996,38(6):905-910.

Moore AC, Bressler B. Acute severe ulcerative colitis: The Oxford Criteria no
longer predict in-hospital colectomy rates. Dig Dis Sci. 2020;65(2):576-580.

Colombel JF, Panaccione R, Bossuyt F, Lukas M, Baert F, Vanasek T, et al.
Effect of tight control management on Crohn’s disease (CALM): a multicentre,
randomised, controlled phase 3 trial. Lancet. 2017;390(10114):2779-2789.

Ungaro RC, Yzet C, Bossuyt P, Baert FJ, Vanasek T, D'Haens GR, et al.
Deep remission at 1 year prevents progression of early crohn’s disease.
Gastroenterology. 2020;159(1):139-147.

Lakatos PL, Kaplan GG, Bressler B, Khanna R, Targownik L, Jones J, et al.
Cost-effectiveness of tight control for crohn’s disease with adalimumab-
based treatment: economic evaluation of the CALM Trial from a Canadian
Perspective. J Can Assoc Gastroenterol. 2022;5(4):169-176.

Reinisch W, Panaccione R, Bossuyt P, Baert F, Armuzzi A, Hebuterne X, et al.
P274 Factors driving treatment escalation in Crohn’s disease in the CALM trial.
Journal of Crohn’s and Colitis. 2018;12(supplement_1):5239-5239.

Danese S, Vermeire S, D'Haens G, Panés J, Dignass A, Magro F, et al. Treat to
target versus standard of care for patients with Crohn’s disease treated with
ustekinumab (STARDUST): an open-label, multicentre, randomised phase 3b
trial. Lancet Gastroenterol Hepatol. 2022;7(4):294-306.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Brand EC, Elias SG, Minderhoud IM, van der Veen JJ, Baert FJ, Laharie D,
et al. Systematic review and external validation of prediction models based
on symptoms and biomarkers for identifying endoscopic activity in crohn’s
disease. Clin Gastroenterol Hepatol. 2020;18(8):1704-1718.

Minderhoud IM, Steyerberg EW, van Bodegraven AA, van der Woude CJ,
Hommes DW, Dijkstra G, et al. Predicting endoscopic disease activity in
crohn’s disease: a new and validated noninvasive disease activity ind;x (the
Utrecht Activity Index). Inflamm Bowel Dis. 2015,21(10):2453-2459.

Dulai PS, Peyrin-Biroulet L, Danese S, Sands BE, Dignass A, Turner D, et al.
Approaches to integrating biomarkers into clinical trials and care pathways as
targets for the treatment of inflammatory bowel diseases. Gastroenterology.
2019;157(4):1032-1043.1031.

Dragoni G, Innocenti T, Galli A. Biomarkers of inflammation in inflammatory
bowel disease: how long before abandoning single-marker approaches? Dig
Dis. 2021,39(3):190-203.

Cozijnsen MA, Ben Shoham A, Kang B, Choe BH, Choe YH, Jongsma MME, et
al. Development and validation of the mucosal inflammation noninvasive index
for pediatric Crohn’s disease. Clin Gastroenterol Hepatol. 2020;18(1):133-140.
el31.

Magro F, Estevinho MM, Catalano G, Patita M, Arroja B, Lago P, et al. How
many biomarker measurements are needed to predict prognosis in Crohn’s
disease patients under infliximab?-A prospective study. United European
Gastroenterol J. 2023;11(6):531-541.

Naganuma M, Kobayashi T, Nasuno M, Motoya S, Kato S, Matsuoka K, et al.
Significance of conducting 2 types of fecal tests in patients with ulcerative
colitis. Clin Gastroenterol Hepatol. 2020;18(5):1102-1111.e1105.

Ahmed I, Greenwood R, Costello B, Ratcliffe N, Probert CS. Investigation
of faecal volatile organic metabolites as novel diagnostic biomarkers in
inflammatory bowel disease. Aliment Pharmacol Ther. 2016,43(5):596-611.

Arai Y, Arihiro S, Matsuura T, Kato T, Matsuoka M, Saruta M, et al.

Prostaglandin E-major urinary metabolite as a reliable surrogate marker for

mucosal inflammation in ulcerative colitis. Inflamm Bowel Dis. 2014;20(7):1208-
216.

Sakurai T, Saruta M. Positioning and usefulness of biomarkers in inflammatory
bowel disease. Digestion. 2023;104(1):30-41.

Dai C, Jiang M, Sun MJ, Cao Q. Fecal immunochemical test for predicting
mucosal healing in ulcerative colitis patients: A systematic review and meta-
analysis. J Gastroenterol Hepatol. 2018;33(5):990-997.

Kim ES, Lee HS, Kim SK, Kim EY, Jang B, Kim KO, et al. Fecal calprotectin
is more accurate than fecal immunocgemical test for predicting mucosal
healing in quiescent ulcerative colitis: a prospective multicenter study. Scand J
Gastroenterol. 2020;55(2):163-168.

Macedo Silva V, Ferreira Al, Lima Capela T, Arieira C, Cirdia Goncalves

T, Boal Carvalho P, et al. P551 Platelet-to-lymphocyte ratio index for non-
invasive assessment of endoscopic activity in small bowel Crohn’s disease:
application and prospective validation. Journal of Crohn’s and Colitis.
2023;17(Supplement_1):i680-i681.

Langley BO, Guedry SE, Goldenberg JZ, Hanes DA, Beardsley JA, Ryan JJ.
Inflammatory bowel disease and neutrophil-lymphocyte ratio: a systematic
scoping review. J Clin Med. 2021;10(18).

Turpin W, Goethel A, Bedrani L, Croitoru Mdcm K. Determinants of ibd
heritability: genes, bugs, and more. Inflamm Bowel Dis. 2018;24(6):1133-1148.

Mirkov MU, Verstockt B, Cleynen I. Genetics of inflammatory bowel disease:
beyond NOD2. Lancet Gastroenterol Hepatol. 2017,2(3):224-234.

Maaser C, Sturm A, Vavricka SR, Kucharzik T, Fiorino G, Annese V. et al. ECCO-
ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial diagnosis,
monitoring of known IBD, detection of complications. J Crohns Colitis.
2019;13(2):144-164.

Israeli E, Grotto I, Gilburd B, Balicer RD, Goldin E, Wiik A, et al. Anti-
Saccharomyces cerevisiae and antineutrophil cytoplasmic antibodies as
predictors of inflammatory bowel disease. Gut. 2005,54(9):1232-1236.

Livanos AE, Dunn A, Fischer J, Ungaro RC, Turpin W, Lee SH, et al. Anti-
Integrin avB6 autoantibodies are a novel biomarker that antedate ulcerative
colitis. Gastroenterology. 2023;164(4):619-629.

Bossuyt X. Serologic markers in inflammatory bowel disease. Clin Chem.
2006,52(2):171-181.

Quinton JF, Sendid B, Reumaux D, Duthilleul P, Cortot A, Grandbastien B,
et al. Anti-Saccharomyces cerevisiae mannan antibodies combined with
antineutrophil cytoplasmic autoantibodies in inflammatory bowel disease:
prevalence and diagnostic role. Gut. 1998;42(6):788-791.

Sandborn WJ, Loftus EV, Jr., Colombel JF, Fleming KA, Seibold F, Homburger
HA, et al. Evaluation of serologic disease markers in a population-based
cohort of patients with ulcerative colitis and Crohn’s disease. Inflamm Bowel
Dis. 2001,7(3):192-201.

Volume 1, Issue 3, October 2023



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Peeters M, Joossens S, Vermeire S, Vlietinck R, Bossuyt X, Rutgeerts P.

Diagnostic value of anti-Saccharomyces cerevisiae and antineutrophil

cytoplasmic autoantibodies in inflammatory bowel disease. Am J
astroenterol. 2001;96(3):730-734.

Koutroubakis IE, Petinaki E, Mouzas IA, Vlachonikolis IG, Anagnostopoulou

E, Castanas E, et al. Anti-Saccharomyces cerevisiae mannan antibodies and
antineutrophil cytoplasmic autoantibodies in Greek patients with inflammatory
bowel disease. Am J Gastroenterol. 2001,;96(2):449-454.

Linskens RK, Mallant-Hent RC, Groothuismink ZM, Bakker-Jonges LE,

van de Merwe JF, Hooijkaas H, et al. Evaluation of serological markers to
differentiate between ulcerative colitis and Crohn’s disease: pPANCA, ASCA
and agglutinating antibodies to anaerobic coccoid rods. Eur J Gastroenterol
Hepatol. 2002;14(9):1013-1018.

Vasiliauskas EA, Plevy SE, Landers CJ, Binder SW, Ferguson DM, Yang H, et
al. Perinuclear antineutrophil cytoplasmic antibodies in patients with Crohn’s
disease define a clinical subgroup. Gastroenterology. 1996,110(6):1810-1819.

Vasiliauskas EA, Kam LY, Karp LC, Gaiennie J, Yang H, Targan SR. Marker
antibody expression stratifies Crohn’s disease into immunologically
homogeneous subgroups with distinct clinical characteristics. Gut.
2000;47(4):487-496.

Walker LJ, Aldhous MC, Drummond HE, Smith BR, Nimmo ER, Arnott ID, et
al. Anti-Saccharomyces cerevisiae antibodies (ASCA) in Crohn’s disease are
associated with disease severity but not NOD2/CARD15 mutations. Clin Exp
Immunol. 2004;135(3):490-496.

Dubinsky MC, Kugathasan S, Mei L, Picornell Y, Nebel J, Wrobel I, et al.
Increased immune reactivity predicts aggressive complicating Crohn’s disease
in children. Clin Gastroenterol Hepatol. 2008;6(10):1105-1111.

Parkes M, Noor NM, Dowling F, Leung H, Bond S, Whitehead L, et al.
PRedicting Outcomes For Crohn’s dlsease using a molLecular biomarkEr
(PROFILE): protocol for a multicentre, randomised, biomarker-stratified trial.
BMJ Open. 2018,8(12):e026767.

West NR, Hegazy AN, Owens BMJ, Bullers SJ, Linggi B, Buonocore S, et al.
Oncostatin M drives intestinal inflammation and predicts response to tumor
necrosis factor-neutralizing therapy in patients with inflammatory bowel
disease. Nat Med. 2017;23(5):57f93’-58‘;.J

Martin JC, Chang C, Boschetti G, Ungaro R, Giri M, Grout JA, et al. Single-cell
analysis of Crohn’s Disease lesions identifies a pathogenic cellular module
associated with resistance to anti-TNF therapy. Cell. 2019;178(6):1493-1508.
e1420.

Nayar S, Morrison JK, Giri M, Gettler K, Chuang LS, Walker LA, et al. A
myeloid-stromal niche and gp 130 rescue in NOD2-driven Crohn’s disease.
Nature. 2021,593(7858):275-281.

Stambuk J, Vuekovié F, Habazin S, Hani¢ M, Novokmet M, Nikolaus S, et al.
Distinct longitudinal changes in immunoglobulin G N-glycosylation associate
with therapy response in chronic inflammatory diseases. Int J Mol Sci.
2022;23(15).

Meserve J, Dulai P. Predicting response to vedolizumab in inflammatory bowel
disease. Front Med (Lausanne). 2020;7:76.

Kim EM, Randall C, Betancourt R, Keene S, Lilly A, Fowler M, et al. Mucosal
eosinophilia is an independent predictor of vedolizumab efficacy in
inflammatory bowel diseases. Inflamm Bowel Dis. 2020,26(8):1232-1238.

Battat R, Dulai PS, Vande Casteele N, Evans E, Hester KD, Webster E, et

al. Biomarkers are associated with clinical and endoscopic outcomes with
vedolizumab treatment in ulcerative colitis. Inflamm Bowel Dis. 2019;25(2):410-
420.

Ananthakrishnan AN, Luo C, Yajnik V, Khalili H, Garber JJ, Stevens BW, et al.
Gut microbiome function predicts response to anti-integrin biologic therapy in
inflammatory bowel diseases. Cell Host Microbe. 2017,21(5):603-610.e603.

Lee JW, Plichta D, Hogstrom L, Borren NZ, Lau H, Gregory SM, Tan W, Khalili
H, Clish C, Vlamakis H, Xavier RJ. Multi-omics reveal microbial determinants
impacting responses to biologic therapies in inflammatory bowel disease. Cell
host & microbe. 2021;29(8):1294-304.

World Health Organization. Biomarkers and risk assessment: concepts
and principles. Environmental health criteria 155. Geneva: World Health
Organization; 1993.

Wright EK, Kamm MA, De Cruz P, Hamilton AL, Ritchie KJ, Krejany EO,
Leach S, Gorelik A, Liew D, Prideaux L, Lawrance IC. Measurement of fecal
calprotectin improves monitoring and detection of recurrence of Crohn’s
disease after surgery. Gastroenterology. 2015;148(5):938-47.

Boschetti G, Moussata D, Stefanescu C, Roblin X, Phelip G, Cotte E, Passot
G, Francois Y, Drai J, Del Tedesco E, Bouhnik Y. Levels of fecal calprotectin
are associated with the severity of postoperative endoscopic recurrence in
asymptomatic patients with Crohn’s disease. Official journal of the American
College of Gastroenterologyl ACG. 2015;110(6):865-72.

Baillet P, Cadiot G, Goutte M, Goutorbe F, Brixi H, Hoeffel C, Allimant C,
Reymond M, Obritin-Guilhen H, Magnin B, Bommelaer G. Faecal calprotectin
and magnetic resonance imaging in detecting Crohn’s disease endoscogic
postoperative recurrence. World Journal of Gastroenterology. 2018;24(5):641.

66.

67.

68.

Jung ES, Lee SP, Kae SH, Kim JH, Kim HS, Jang HJ. Diagnostic accuracy of
fecal calprotectin for the detection of small bowel Crohn’s disease through
capsule endoscopy: an updated meta-analysis and systematic review. Gut and
Liver. 2021;15(5):732.

Becker M, Stevens T, de Voogd F, Wildenberg M, Gecse K, Buskens C.
Cagarotectin in patients with perianal fistula: the CANALS study. JCC.
2023;17(supplement_1):i324-i325.

Westerink F, Huibregtse |, De Hoog M, Bruin S, Meesters E, Brandjes D,
Gerdes V. Faecal inflammatory markers and gastrointestinal symptoms after
bariatric surgery: a longitudinal study. Inflamm Intest Dis. 2021;6(2):109-116.

Volume 1, Issue 3, October 2023



