1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

NATIG,

o
HE

s sy,
Y

10

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Gastroenterology. 2011 May ; 140(6): 1817-1826.e2. doi:10.1053/j.gastr0.2010.11.058.

The Utility of Biomarkers in the Diagnosis and Therapy of
Inflammatory Bowel Disease

James D. Lewis, MD, MSCE
Center for Clinical Epidemiology and Biostatistics, Department of Medicine, Department of
Biostatistics and Epidemiology, University of Pennsylvania

Abstract

Fecal and serologic biomarkers can be used in the diagnosis and management of inflammatory
bowel disease (IBD). Fecal markers such as calprotectin and lactoferrin have been studied for their
ability to identify patients with IBD, assess disease activity, and predict relapse. Antibodies
against Saccharomyeces cerevisiae and perinuclear antineutrophil cytoplasmic proteins have been
used in diagnosis of IBD, to distinguish Crohn's disease (CD) from ulcerative colitis, and to
predict the risk of complications of CD. Tests for c-reactive protein and erythrocyte sedimentation
rate have been used to assess inflammatory processes and predict the course of IBD progression.
Levels of drug metabolites and antibodies against therapeutic agents might be measured to
determine why patients do not respond to therapy and to select alternative treatments. This review
addresses the potential for biomarker assays to improve treatment strategies and challenges to their
use and development.
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Physicians guide management of patients with inflammatory bowel disease (IBD) using
blood tests, radiology and endoscopy studies, and other tests. These diagnostic tests can be
used to identify patients with IBD, determine prognosis, assess disease activity, and
determine optimal therapeutic strategies (Figure 1 and Table 1).

Tests Used to Evaluate Patients with Symptoms of IBD

Numerous fecal markers can potentially be used to determine the likelihood that a patient
has IBD.118 The 2 most commonly utilized are calprotectin and lactoferrin. Calprotectin is
36 kDa calcium- and zinc-binding protein that represents 60% of cytosolic proteins in
granulocytes. It is stable in feces when stored at room temperature for up to 1 week.20 The
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concentration of calprotectin in feces is an indirect measure of neutrophil infiltrate in the
bowel mucosa. In patients with Crohn's disease (CD), the 4-day fecal excretion

of 11indium-labeled white blood cells (WBCs) correlates with 4-day excretion of
calprotectin and even the concentration of calprotectin in a single fecal specimen .21

Numerous studies have addressed whether fecal calprotectin could be used to select patients
with symptoms of IBD that warrant endoscopic or radiologic evaluation. Von Roon et al.
summarized data from 30 studies that included 5,983 patients (1210 had IBD).22 The
estimated sensitivity and specificity values for the identification of patients with IBD,
compared to those without, were 89% and 81%, respectively in studies that used a threshold
fecal calprotectin concentration of 50 pg/g; these values were 98% and 91% in studies that
used a threshold fecal calprotectin concentration of 100 pg/g. However, these estimates
come from combinations of different studies, rather than tests of different threshold levels in
a single study. In fact, it is implausible for the fecal calprotectin assay to have higher
sensitivity when using a higher threshold to define a positive test. Therefore, these data
cannot be used to select an optimal cut point.

van Rheenen et al. performed a similar analysis that was limited to studies that included only
patients suspected to have IBD based on signs and symptoms.23 Among the 6 studies, the
sensitivity and specificity for identification of IBD in adults were 93% and 96%,
respectively. In children, the test's sensitivity was 92% but the specificity was only 76%.
The authors conclude that using these tests to choose what patients require further testing
reduces the need for endoscopy or radiology tests in a large portion of patients but would
delay the diagnosis of IBD in 6% and 8% of the adults and children with disease,
respectively.

Lactoferrin is an iron-binding protein found in neutrophil granules and serum and is secreted
by mucosal membranes. It is resistant to degradation and proteolysis (although less so than
calprotectin), making it a useful marker of intestinal inflammation?4. Pooling data from
multiple studies and 1001 patients, Gisbert et al. estimated that the lactoferrin test identified
patients with 1BD with a mean sensitivity of 80% and specificity of 82%2%. Most but not all
studies reported similar performance of calprotectin and lactoferrin tests26-28,

100A12 is a S100 protein that is similar to calprotectin. In a study of children, fecal levels of
S100A12 greater than 10 mg/kg identified IBD with a sensitivity of 96% and a specificity
92%.29 In a subsequent study of adults, S100A12 distinguished patients with 1BD from
those with irritable bowel syndrome with sensitivity and specificity values of 86% and 96%,
respectively.30 S100A12 can be measured in serum; although serum levels are increased in
patients with IBD, this test does not distinguish IBD from irritable bowel syndrome with the
same levels of sensitivity and specificity as the fecal assay.3!

For many reasons, blood-based biomarkers might be preferred to stool-based tests. C-
reactive protein (CRP) is one of many acute phase proteins that increase in the serum of
patients with acute-phase IBD. Studies dating back several decades identified increased
levels of CRP in nearly 100% of patients with CD and approximately 50% of those with
UC32-34 The reason for the higher rates of increased levels of CRP in patients with CD,
compared with UC, is unknown. Furthermore, many patients with established CD do not
have increased levels of CRP, despite evidence of active disease, so these studies probably
overestimated the sensitivity of this test in detecting CD3°. Because of the relatively low
sensitivity of the CRP test in detection of UC, use of this marker alone to identify patients
with symptoms compatible with IBD that should undergo further evaluation would delay
diagnosis for many.
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Various serologic tests have been used in attempts to improve the diagnosis of IBD and to
distinguish CD from UC, such as tests for perinuclear antineutrophil cytoplasmic antibodies
(pPANCAs) and anti—Saccharomyces cerevisiae antibodies (ASCAs)36. Increased titers of
ASCA were reported to identify patients with CD with high levels of specificity (96%—
100%) but low sensitivity (approximately 50%).36 In contrast, increased levels of pANCA
were more common in patients with UC or those with CD that had UC-like pancolitis.36 A
meta-analysis of 60 studies estimated the sensitivity and specificity of ASCA+/pANCA- for
detection of CD to be 55% and 93%, respectively, and 63% and 93% for any form of

IBD 37. In pediatric patients, the test for pANCA+/ASCA- performed particularly well,
identifying patients with CD with 70% sensitivity and 93% specificity 37.

Other serologic markers of CD include antibodies to Escherichia coli outer membrane porin
(OmpC), Pseudomonas fluorescens-associated sequence 12, and flagellin CBirl. A recent
study of more than 300 children with suspected IBD found that a test for this panel of
antibodies identified patients with IBD with 67% sensitivity and 76% specificity.38
However, studies have demonstrated comparable sensitivity and specificity using routine
tests for anemia, thrombocytosis, and increased erythrocyte sedimentation rate (ESR) in the
same population. 38: 39

ASCA is believed to interact with mannose residues on mannan in the cell walls of S
cerevisiae, although data indicate that C a/bicans also produces the ASCA-binding

epitope 4041, Antibodies against other sugars (particularly glycans on the surface of cells)
and microorganisms have also been studied. Antibodies against laminaribioside (ALCA) and
chitobioside (ACCA\) have been associated with CD*2. Tests for ALCA, ASCA, and
antibodies against a covalently immobilized mannan from S cerevisiae (QASCA) distinguish
patients with CD from healthy controls with similar operating characteristics as ASCA.
Interestingly, 34%-44% of ASCA-negative patients with CD had positive results in tests for
ALCA or ACCA%2: 43, Others studies have shown that the combination of gASCA, pANCA,
and ALCA is more accurate than other combinations of these serologic markers, or ACCA,
antibodies to mannobioside (AMCA), and Omp, in distinguishing individuals with IBD from
healthy controls*4.

In considering results from these studies, it is important to assess the sensitivity, specificity,
and predictive values of diagnostic tests. The cut point for a test determines its sensitivity
and specificity; higher sensitivity results in lower specificity. In comparing results between
studies, it is important to assess whether comparable cut points were used to define the test
operating characteristics. Similarly, because positive and negative predictive values are
determined based on the prevalence of disease in the population, one must compare the
study populations before drawing conclusions about predictive values.

Tests Used to Evaluate Patients Diagnosed with IBD

Differentiating between CD and UC

ASCA is associated with CD whereas increased levels of pANCA are more common among
patients with UC36. In a meta-analysis, combinations of tests for ASCA and pANCA
distinguished patients with CD from those with UC with 40%-50% sensitivity and
specificity of >90%37. However, when the population was limited to those with colonic
disease, for whom the diagnostic question is most relevant, the ASCA test was less sensitive
for CD and discriminated less well between CD and UC%’.

The need for such a test is greatest in patients with IBD type unclassified (indeterminate
colitis). One prospective study found that nearly half of the patients with IBD type
unclassified had negative results from the ASCA and pANCA tests and that most continued
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to have clinical characteristics that precluded a definitive diagnosis of CD or UC#>.
Interestingly, of the patients who had a positive result from the pANCA or ASCA test, 44%
developed CD or UC over a mean follow-up period of 9.9 years. Among 26 patients that had
ASCA+/pANCA- results at baseline, 8 were later diagnosed with CD and 2 with UC.
Among 20 patients that had ASCA-/pANCA+ results at baseline, 4 were later diagnosed
with CD and 7 with UC. Thus, among the patients with positive results from serology
analyses, ASCA and pANCA were predictive of disease type, but did not have 100%
accuracy?®. Addition of the tests for 12 and anti-OmpC to the tests for ASCA and pANCA
has only a marginal incremental benefit in determining which patients with IBD type
unclassified have CD and which have UC?6. Similarly, addition of tests for the anti-glycan
antibodies to tests for ASCA and pANCA does not appreciably increase the ability to
distinguish CD from UC in cross-sectional studies**. An assay that used 2 different synthetic
oligomannose blocks to detect anti-mannose antibodies (antibodies to the synthetic mannose
blocks known as AZMA) demonstrated better sensitivity (45% vs. 27%) and specificity
(100% vs. 71%) than the ASCA test in predicting development of CD in patients with IBD
type unclassified*’.

Differentiating quiescent from active disease

Concentrations of fecal calprotectin, lactoferrin and CRP have each been correlated with
histologic and endoscopic disease activity in patients with UC and CD (Table 2).48-58 In
general, calprotectin and lactoferrin correlate better with colonic than ileal disease activity,
although extent of colonic disease in does not appear to be important in patients with
UC48. 50,53 The sensitivities of tests for calprotectin to detect any active mucosal disease
range from 70%-100%, with a specificity range of 44%-100%, depending on the cut point
used??: 51, 59-61 gensitivities and specificities of tests for lactoferrin are similar (Table 3).

Serum biomarkers, particularly CRP, have also been used to distinguish quiescent from
active disease. In general, the correlation between CRP and endoscopic activity is lower than
that observed between fecal markers and activity (Table 3). Similarly, sensitivity and
specificity for active mucosal inflammation is likely to be lower for CRP compared with
fecal markers. For example, Solem et al. observed that the CRP test had 54% sensitivity and
75% specificity for CD in 105 patients 2. In a study of 43 patients with UC, 19 of 37 (51%)
with active disease, based on colonoscopy analysis, had increased levels of CRP whereas 0
of 6 patients without endoscopic evidence of disease activity had increased levels of CRP52,
Perhaps most importantly from the perspective of a clinician, 37 of 43 patients (86%) with
any clinical symptoms of CD and with increased levels of CRP had evidence of mucosal
inflammation, based on colonoscopy analysis 2. So, for patients with CD, the combination
of increased levels of CRP and clinical symptoms is likely to be sufficient to identify active
mucosal disease. Some patients have persistent, normal levels of CRP despite active
disease®3. For these patients, CRP will not be useful to differentiate quiescent from active
disease. This may be a population where fecal biomarkers are particularly useful.

ESR has also been studied as a biomarker for IBD disease activity. Like CRP, some but not
all studies have found it to be increased more frequently among patients with active CD than
UCB3-65 However, tests for ESR are less widely used than tests for CRP because ESR levels
do not change as quickly with disease activity53.

Using biomarkers to establish mucosal healing

In patients with UC or CD, mucosal healing in response to medical therapy correlates with a
less severe future course of disease %6 67 Similarly, following ileal resection, the appearance
of the neoterminal ileum predicts short term outcomes®®. Thus, there is potential to use
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biomarkers to assess mucosal healing following medical therapy or surgery and to predict
the likelihood of relapse.

Roseth et al. demonstrated that patients with CD or UC who had remission following
medical therapy had large reductions in levels of fecal calprotectin, (to below 50 g/g)*°.
Several additional studies have shown similar results in response to therapy. Sipponen et al.
performed one study of patients treated with anti-tumor necrosis factor (TNF) agents and
another study of patients treated with other therapies. Among 5 patients that had mucosal
healing after treatment with reagents other than anti-TNF agents, 4 (80%) also had
normalized levels of fecal calprotectin and lactoferrin. Among 9 patients with no mucosal
improvement after therapy, 8 (89%) had increased levels of calprotectin and 6 (67%) had
increased levels of lactoferrin 61, Eleven patients that responded to anti-TNF therapy (based
on endoscopic appearance), had significant decreases in levels of fecal calprotectin and
lactoferrin, whereas 3 non-responders did not have decreased levels of these markers®®.
Despite the consistency of these results, the studies were limited by small sample sizes and
an inability to define an optimal cut point for predicting mucosal healing. However, within
the range of cut points tested, there does not appear to be a difference between tests for
calprotectin and lactoferrin in determining treatment response.

There are limited data regarding the use of biomarkers to assess CD recurrence following
ileocolonic resection; and the results for fecal biomarkers demonstrated only modest
sensitivity and specificity’072. A possible explanation for these observations is that the
initial, asymptomatic recurrence of CD results in limited mucosal injury. This small amount
of injury, particularly to the ileum, is not likely to increase biomarkers to levels that can be
detected in fecal samples.

Biomarkers to predict disease course

One of the major goals of treatment for CD is to prevent complications such as perforation
and formation of abscesses, fistulas and strictures. Biomarkers might be used to identify
patients who are at high risk for a complicated disease course. At the time of diagnosis, 5%—
15% of patients already have strictures, 5%-15% have had a penetrating complication, and
the remaining 70%-80% have pure inflammatory disease’3: /4. A stricture or penetrating
complication occurs in approximately 50% of patients within the first 20 years of disease;
most of these patients require surgery within 6 months 74. Similarly, estimates of the
cumulative risk of surgery range from 28% to 61% at 10 years for children and adults,
respectively’>: 76, Approximately 50% of the patients with CD would be expected to have a
relatively uncomplicated course during a period of 10-20 years and might be candidates for
less aggressive therapy, whereas the remaining 50% would be candidates for more
aggressive therapy. The challenge is to identify these populations before the complications
have occurred and to find therapies that can effectively prevent these complications.

Results from tests for ASCA and pANCA have been shown to predict complicated disease
courses in some, but not all, studies®’. Other studies have evaluated the ability of other
combinations of seromarkers, quantitative assessment of these markers, and combinations of
markers and genetic data to predict disease course. Mow et al. studied 303 patients with
CD; 77 ASCA, OmpC and 12 were each associated with various features of complicated
disease (Table 4). Furthermore, the number of tests for antibodies that were positive and the
concentration of the antibodies, based on sums of quartiles for each marker, were associated
with complications that included stenosis, internal penetrating disease, and the need for
small bowel surgery; although 40% of patients in the lowest quartiles for concentration of
12, ASCA, and OmpC levels had undergone small bowel surgery. In a follow-up study,
Targan et al. associated antibodies to CBirl with small bowel disease, an internal
penetrating phenotype, and fibrostenosis’8. Anti-CBir1 antibodies were not associated with
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small bowel surgery. Similarly, ACCA, ALCA, AMCA, and gASCA have been associated
with penetrating or stricturing complications and surgery.4

Many studies of the ability of serologic tests to predict disease course have relied on a cross-
sectional design in which the disease phenotype was determined at the same time that the
serologic factors were measured. However, phenotype and serologic status may change over
time.44

To overcome this limitation, studies by Amre et al. and Dubinsky et al. 7% 80 evaluated
children with CD and measured these antibodies close to the time of diagnosis or early in the
course of therapy. Amre et al. associated a positive result in the ASCA test with a shorter
time to fistula or abscess development. The cohort studied by Dubinsky et al. included 167
patients without internal perforations or strictures at the time of serologic analysis. Of
patients with 1 or more positive result for ASCA, 12, or OmpC, 8.2% developed
complications, compared with 2.7% of those with no positive result. A subsequent study by
Dubinsky et al. of a larger cohort of 536 pediatric patients with CD yielded nearly identical
results8L. Similar to the findings of Mow et al.,”” the number of positive test results and the
sum of quartiles for individual results were associated with time to complications or surgery.

While these tests may be useful in carefully selected patients, the following needs to be
considered. The serologic profiles associated with high risk for complications identified
many patients that did not have internal perforating or stricture complications or require
surgery within 5 to 10 years8l. Additionally, the available studies did not determine how
much the serologic data adds to the predictive ability of other clinical data. Finally, and as
importantly, we do not know if early intervention in patients with the worst prognosis, based
on positive serology test results, will change long-term outcomes.

The role of biomarkers in predicting disease relapse

Biomarkers might also be developed to identify patients that are likely to experience disease
recurrence after treatment. Several studies have shown that in patients with quiescent
disease, increased concentrations of fecal calprotectin predict disease relapse within 12
months, particularly in patients with UC (Table 5)82-87, Early studies reported that increased
concentrations of fecal calprotectin identified patients that underwent relapse within 12
months with approximately 90% sensitivity and 82% specificity82 83, Costa et al. reported
that increased levels of fecal calprotectin had a positive-predictive value of 81% and a
negative-predictive value of 90% for relapse of UC; in patients with CD, the positive
predictive value was 87% and the negative-predictive value was 43% 82,

A study of calprotectin and lactoferrin levels in patients with quiescent IBD84 found that
increased levels of either biomarker identified patients who would relapse in 12 months
(calprotectin sensitivity 69%, specificity 69%; lactoferrin sensitivity 62%, specificity 65%),
although these values were lower than those reported in previous studies. Sipponen and
Kolho reported that the relapse rate among patients with increased levels of fecal
calprotectin was low, although in this study, more than 50% of the patients had been in
remission for more than 1 year®8. Increased levels of calprotectin (and likely lactoferrin)
shortly after remission might be better predictors of relapse than increased levels of
calprotectin 6 months or more after remission.

The abilities of CRP and ESR to identify patients that are most likely to undergo disease
relapse have also been examined. In patients with CD, several studies have associated
increased levels of CRP and/or ESR with relapse88-93; there are less data available to
associate marker levels with relapse of UC. Bitton et al. examined markers of relapse of 74
patients with clinically and endoscopically quiescent UC (27 relapsed during the follow-up
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period). Although the identification of basal plasmacytosis in rectal biopsy samples was
associated with relapse, increased levels of CRP or ESR were not%4,

The role of biomarkers in predicting response to therapy

In addition to predicting disease relapse, biomarkers might be used to predict response to
therapy. For example, it would be useful to know which patients are most likely to respond
to intravenous corticosteroid therapy for UC%>-%8, Travis et al. demonstrated that the
combination of stool frequency and CRP levels on the third day of therapy predicted failure
to respond to intravenous steroids®®; this finding was validated in a study of children with
severe UC. However, the Pediatric Ulcerative Colitis Index (PUCALI), which is based only
on symptoms, was found to more accurately identify patients that do not respond to
intravenous corticosteroids than the Travis index or levels of calprotectin, CRP, M2-
pyruvate kinase, or S100A12%7: 98 In analyzing data from these types of studies, it is
important to consider that the symptoms that were measured by the PUCAI may have also
been used by the treating physician to make therapeutic decisions. If that is the case, it is
difficult for biomarkers to outperform symptoms in predicting therapeutic decisions, such as
the need for surgery.

ASCA, pANCA and other antibodies have also been tested for their association with
responses to specific therapies. Taylor et al. demonstrated a lower response rate among
patients with CD treated with infliximab who had positive results from a test for pANCA,
A subsequent study failed to confirm this association, although there was trend toward lower
response rates in patients with positive results from pANCA and negative results from
ASCA tests!0. This same pattern was associated with a reduced response to infliximab
therapy in patients with UC (55% of these patients responded to the drug) 191, Most
recently, in a study of children with either CD or UC, presence of a positive test for pANCA
was again associated with a lower likelihood of responding to infliximab02, Results of tests
for anti-12, but not ASCA, pANCA, or OmpC, were associated with response to fecal
diversion (94% response among patients with anti-12 antibodies vs. 18% response among
those without anti-12 antibodies)103.

Drug levels, metabolites and anti-drug antibodies as biomarkers

The major metabolites of thiopurines (azathioprine and 6-mercaptopurine) are 6 thioguanine
nucleotides (6TGN) and 6 methylmercaptopurine (6MMP). A meta-analysis showed that
patients in clinical remission were more likely to have levels of 6TGN greater than 230-260
pmol/8 x 108 red blood cells than patients with persistently active disease (62% vs. 36%)104,
However, the meta-analysis included only cross-sectional studies, so drug levels were not
measured before the outcomes of therapy were known. A small randomized trial reported
that dose adjustment based on metabolite levels was not more effective than weight-based
dose determination although the study was not completed because of slow enrollment195, A
recent study demonstrated that data on thiopurine metabolites helped clinicians make
therapeutic decisions for symptomatic patients with IBD (Table 6).196 Less expensive
alternatives to directly measure thiopurine metabolite levels, such as measuring the mean
corpuscular volume, lymphocyte counts, WBC count and machine learning algorithms have
been proposed10?. However, these alternatives need to be studied prospectively to determine
whether therapeutic adjustment based on these tests will improve clinical outcomes.

The effectiveness of biologic therapies, such as the anti-TNF drugs for CD and UC, depends
on sufficient drug levels 108-112 Beart et al. observed longer duration of response to therapy
in those with infliximab concentrations 4 weeks post infusion of greater than 12p.g/ml
(median 82 days) than in those with lower drug levels (median 69 days)1%8. Among patients
with CD, detectable trough serum infliximab level is associated with maintenance of
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remission for the entire duration between infusions%. In a recent randomized trial
comparing infliximab monotherapy, azathioprine monotherapy, and combination therapy,
corticosteroid free remission at week 26 was more common among patients with detectable
trough levels at week 30. However, it is noteworthy that 59% of the patients with
undetectable infliximab levels had achieved steroid free remission, which is only modestly
lower than the approximately 73% steroid free remission rate in those with detectable
infliximab levels.110 Thus, detectable trough levels are not essential to achieve clinical
remission. Similar studies have demonstrated the predictive value of adalimumab drug
levels and antibodies in the management of CD111 and infliximab drug levels for moderate
to severely active ulcerative colitis!12,

Factors other than the administered dose also contribute to anti-TNF drug levels. Biologic
therapies can induce production of anti-drug antibodies, which are associated with shorter
duration of response and a higher incidence of adverse events108,

There is uncertainty regarding in what clinical setting measurement of infliximab drug levels
and anti-infliximab antibodies is useful, but they are most commonly measured when
patients lose response to therapy. Afif and Sandborn found that only 17% of patients with
antibodies to infliximab responded to an increased dose of this drug!3. However, switching
patients to another anti-TNF agent resulted in a clinical response in 92% of these patients.
These data led Afif et al. to propose an algorithm (Table 6) in which detection of anti-drug
antibodies in serum samples indicates that patients should be given an alternative drug in the
same class. Furthermore, undetectable trough levels or low levels of the drugs by 4-weeks
after administration indicates that the dose or frequency should be increased (or that an
alternate anti-TNF agent should be given); patients with therapeutic drug levels in serum
should be evaluated for active disease and switched to a therapeutic with a different
mechanism of action.

Conclusions

Biomarkers could have a role at nearly every point in the disease management. When
patients present with symptoms suggestive of IBD, combinations of fecal and serologic
markers might be used to identify patients that should undergo invasive testing and to help
distinguish CD from UC. Tests for serologic biomarkers have been developed to identify
patients that are most likely to have a severe course of disease progression, but require
further evaluation in prospective studies that also assess clinical predictors (e.g., disease
location, nutritional status, routine blood tests. Failure to achieve mucosal healing with
therapy has been associated with worse disease course. Biomarkers such as calprotectin and
lactoferrin can be used to assess mucosal healing, without the need for invasive testing or
radiation. Tests for levels of drug metabolites or anti-drug antibodies can be used to
determine why certain patients don't respond to specific therapies and identify alternative
treatment strategies.
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Figure 1.

The potential role of biomarker assays in the care of patients with suspected or established
IBD. Biomarkers might be used in all phases of the care. For patients with suspected 1BD,
biomarkers can be used to select which patients are unlikely to have IBD and could forgo
further testing. Once patients are diagnosed, biomarkers can be used to determine which
patients have CD or UC and to predict disease course. Biomarkers might be used to
determine which patients are most likely to respond to therapies and determine prognosis, to
identify those that require more aggressive therapies. In patients with recurrent symptoms,
biomarkers can differentiate patients with active inflammation from those likely to have
symptoms from other causes.

Gastroenterology. Author manuscript; available in PMC 2013 August 21.



Page 17

Lewis

"SI JBLIOI] 9S3Y) J0J SB|0J [8118108Y) PUB PBLUIIJUOD L10G SBPNJOUI 8|qel 8y |
*

saidesayy
2160]01q 1surebe ssipoqnuy

S[ans] Brup 4NL-nuy

s|ans] aljogeIsL dING

s3160]049S

ds3

ddo

¢IV00TS

+

uL3403087

+

unoajoudied

Juswisn [py onnade ey |

Ade oy |
o1asuodsey
»IpaId

asdepy 1P id

BuifeaH [esoon |\ SSssY

uossIWRY
'snasessIq
anIpY

suo17eal|dwoD 40 1Y

asessig
BYl10

dd'sAon sAadl

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

SJexewolq pa10ses Jojsuolredlddy

NIH-PA Author Manuscript

Gastroenterology. Author manuscript; available in PMC 2013 August 21.



Page 18

Lewis

3seasI S,uyo.) 1oy 81095 d1doasopud ajdwis - @D-S3S A14aAdS Jo xapu| 21doasopud asessiq s,uyold — s13ad

€50 SL0 S13ad ao | (0102) ,eteydaoyds
0S50 €80 X8pu| Z)IMa|iwydey on | (6002) ggiesdaoyas
790 €80 180 s13ao ad | (8002) gguauoddis
97’0 2L0 9.0 aon-s3s an (8002) ggsauor
150 21005 0AB\ N (L66T) gyUresoy
250 yrrnnwAianes agl | (2002) yb1aqi86e
z50 v9'0 €9°0 ao-s3s ad | (8002) gguauuodis
180 Xapu| sHelN aNn 25¥00¢ eueH
150 S€0 21008 0AeI\ ols} (£002) 1geouLa
87’0 6T°0 an-s3s an (2002) 1geouL.a
G50 €L0 110 NE[afe) as | (8002) ggusuoddis
Avnnoe

(3uB101}J900 UOITRP 1102) 4D

(qua101}5909 UOITR B 110D) UIIS10Id[eD

(3B 10144900 UOITEP1102) ULl BjOlTe ]

a5eas 1P 01d09SOPUS JO JUBWSSISSY

uoire|ndod weired

loyiny

NIH-PA Author Manuscript

"Adoasopua Aq paulwialep ‘AlIAIIOR 8SeaSIp YIIM SI3XJewolq JO Uole|allo)

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Gastroenterology. Author manuscript; available in PMC 2013 August 21.



Page 19

Lewis

6,67 00T-05 uUnosI0Id]L - SUOIEL.IUSIUOI POYSAIY L

44

6767 u1 paiy1oads Jou uLLIzy01de| (B/6 08 UNY3I0Id[RD - SUORENUSIUOD POYSAIY L
x¥

"BWIPS YIM BWBLIAIS

JURIILLOJUOD PUB ‘ewaylAIa aAISUSIXa ‘Bulu0Isa|qgod ‘Alreinuelb (Aujigerly ‘sejnsty 10 ‘sassew ‘Ajrejnpou ButieaddeAlorewwejul arepnxa ‘Buipaa)g snosurjuods ‘suoileIad|n Jo suoisols Jo sbulpuiq

i

661 gz'; uragoioe) (6/67 Q0T URDBI0Id[ED - SUOIRIIUSIUOD PIOYSAIY L

7

6,67 0T — Gz'2 uLayo1oe] 66 00Z-0G UNIBI0Id]eD - SUOIRIIUBOUOD PIOYSAIYL

y

6/67 0T uLsy01oe] (6/6M 0OZ UNDBI0Id]RD - SUOIRIUBOUOD PIOYSAIYL
*

B6/67 g unosioidies - suoneIUIIUOI Ploysaly ._.%

aseasi s,uyou) Joy 81093s s1doasopus ajdwis - d9-S3S

A11anas Jo xapu| o1doosopus aseasiq s,uyold — S13ad

aydaoyo!
%85/%89 %85 / %68 s13ao ao | (0T0) ug,s34de0405
Jaydaoyo
%88 - %TL | %E6 - %98 X8puUl ZiMaIWYoeY on | (6002) g5, s2jde0yos
%0L / %8L %09 / %S/ 21095 0Ae\ N (2002) 15, ®ouLA
%08 / %18 %08 / %LL ao-s3s ao | (000,10
suuod
%68 / %08 %L9 / %08 ao-s3s ap | (0700) jrg3uuodis
uauuodi
%16 / %8y 962691 | %T6-%0L 9626-%E8 | %TL-9%99 s13ao ao | (800200 1S
%001 / %.8 %00T / %L S13a0 ao | 6s(8002),, ueuuodis
9%SL | %YS #4XePUI D14103ds Apms ao (5002) z5Wwolos
950
%00T / %00T griPoUIsW dnJey 2N pue ao (r002) 61, 1350
(vo13109ds (0110903

| RIAIIBUSS) 9D

(Ryo1y109ds / Anansues) unoelolded

/ AIAIISUSS) Ul jBjo10e

A1IA110 358351 91d0JSOPUS JO JUBLUSSISS Y

uoire|ndod sired

loyiny

NIH-PA Author Manuscript

"Ado2asopus uo paseq ‘aseasip aAnae Ajnuspl 0] siaxJewolq Jo A1191j19ads pue AlIAIISUSS

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Gastroenterology. Author manuscript; available in PMC 2013 August 21.



Page 20

Lewis

NIH-PA Author Manuscript

YZ-vTY:92T:700Z AB0J0IS1UB0IISeS) "3SRaSIP S,Uy0ID) [3MOQ |[ewWS JO suolealjdwod pue suabnue
[e1qoJoIw 0] sasuodsal Apogiue Jo UOIIRID0SSY "YS uebie] ‘H BueA ‘| Janoy ‘1N UILBIN-NaIQY ‘T siapueT ‘ad JojAeL ‘v sijepeded ‘Hd Jauysajd ‘O-A UIT ‘3 SB)SNeIjISeA ‘SAM MOJA Woly paidepy

pare1oosse 10N + + + pajeIdosse 10N 2dwo

paye1oosse 10N + pajeldosse 10N + + 2l

pare1oosse 10N - pareIoosse 10N - - VONvd

paye1oosse 10N + + + + VISV
asessIp feuelld | ALBins pmog jews | uoirelojied reukiu| | ssousisolqid | asessip pmoq ews

adA1ouayd asessip yumsuolreinw zdON PUe saibojo Jes JOo SUoITeIoosSy
v 9l|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Gastroenterology. Author manuscript; available in PMC 2013 August 21.



Page 21

Lewis

SAAIND JBIBIN Uejde| WoJy parewss
x

%95 %TT 6/6vlpoy< pales 10N an #18Z0IMED B

%6€ %S¢ 6/6vlgo1< (supuow ZT< %TS) sowe < aos+on ggUauoddis

%6. %0€ B/6rlpeT< 'SOw 9g-€ an 58duLa

%.8 %L.S B/6rogT< 'SOw gT-T an 2g®1S00

%18 %0T B/6rlpgT< 'sow Z1-T on 2881500

%G8 %ST 6/6rog< 'SOW -1 an £gdl0aLL

%058 5 %07 B/67og< "SOW $-T N 521901 L

%TE %6 B/6mogT< 'SoW 9< N »gHaasIo

unoel0IdEeD unosjoiden o perens|3

UBIH yumarey ssdepy MO Ylimarey ssdejpy aulQ 01 uolre Jjusouo) unmelolde) | Asue Te uoissiwel Jo uoireng | uoireindod weired Joyiny

NIH-PA Author Manuscript

G 9lgel

NIH-PA Author Manuscript

"SI11]00 BAIIRIBD|N Ul SUOIRQIadEXa Y sjuaiied Ui asdejal yiim unosloidjed 2aa) 40 SUOITRAIUBIU0D pasealoul Buneioosse saipnis

NIH-PA Author Manuscript

Gastroenterology. Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Lewis

Table 6

Page 22

Proposed algorithmsin response to measured drug levelsin the setting of symptoms of
active disease

6T GN concentration

6M M P concentration

Interpretation

Strategy

In therapeutic window *

Normal or high/\

Refractory to thiopurines

Change therapy — can discontinue thiopurine or
continue at same dose in conjunction with the new
therapy

Low Low or normal Too low of dose or noncompliant | Increase dose or educate regarding compliance

High Normal or high Refractory to thiopurines Change therapy and discontinue thiopurine or
continue at same dose or lower dose

Low High Preferential shunting to 6MMP7 | Change therapy or reduce dose and add allopurinol

Anti-Infliximab antibody

Infliximab concentration

Additional testing

Strategy

Positive

Change to another anti-TNF therapy. If persistent
disease activity after changing agents, change to
agent with different mechanism

In therapeutic window

Active disease on
endoscopy / radiology

Change to agent with different mechanism

In therapeutic window

Inactive disease on
endoscopy / radiology

Investigate for alternative etiology of symptoms

Sub—therapeutic#

Increase dose or frequency. If persistent disease
activity, switch to a different anti-TNF agent.

Sub—therapeutic#

Alternative strategy - Switch to a different anti-TNF
agent. If persistent disease activity, change to agent
with different mechanism.

*
Therapeutic window for 6TGN defined as 235-450 pmol/8 _ 108 red blood cells

N
Therapeutic level of 6MMP is less than 5700 pmol/8 _ 108 RBC

TA ratio of 6MMP:6TGN greater than 11

# L . )
Sub-therapeutic infliximab concentration defined as <12 mcg/ml at 4 weeks or undetectable trough level
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