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Achieving Target Infliximab Drug Concentrations Improves Blood
and Fecal Neutrophil Biomarkers in Crohn’s Disease

Ruben J. Colman, MD,** Yi-Ting Tsai, MS,* Kimberly Jackson,* Brendan M. Boyle, MD, MPH," Joshua D. Noe,
MD,? Jeffrey S. Hyams, MD,§ Geert R.A.M. D’Haens, MD, PhD," Johan van Limbergen, MD, PhD,’
Michael J. Rosen, MD, MSCI,*** Lee A. Denson, MD,*** and Phillip Minar, MD, MS***

Background: The neutrophil fecal biomarkers, calprotectin (FCP) and lactoferrin (LCT), and peripheral blood neutrophil CD64 surface re-
ceptor (nCD64) are biomarkers for mucosal inflammation in inflammatory bowel disease (IBD). Although FCP has been evaluated as a bio-
marker for mucosal healing, cut points for LCT and nCD64 are less known. We aimed to identify the cut points for LCT and nCD64 that were
associated with FCP remission, with a secondary aim to evaluate the relationship between biochemical outcomes and infliximab (IFX) trough
concentrations.

Methods: We analyzed FCP, LCT, and nCD64 before and after IFX induction in a pediatric Crohn’s disease (CD) cohort study. Week-14 FCP
biomarker remission was defined as FCP <250 pg/g, with clinical response defined as a weighted Pediatric Crohn’s Disease Activity Index <12.5
or A>17.5 improvement. Predictive outcomes were calculated by receiver operating characteristics (ROCs).

Results: Among 56 CD patients, ROC analysis identified an infusion 4 LCT <8.06 (area under the receiver operator characteristics
[AUROC], 0.934, P < 0.001) and nCD64 <6.12 (AUROC, 0.76, P = 0.02) as the ideal cut points for week-14 FCP biomarker remission. End
of induction IFX-trough of >9.4 ng/mL (AUROC, 0.799, P = 0.002) and >11.5 pg/mL (AUROC, 0.835, P = 0.003) were associated with a
FCP <250 and FCP <100, respectively. We found patients achieving end of induction trough >5 pg/mL had a median FCP improvement
(dose 1 to dose 4) of 90% compared with a median of 35% with levels <5 pg/mL (P = 0.024) with a similar median reduction in nCD64 (48%
vs 20%, P = 0.031).

Conclusions: This study establishes cut points in neutrophil stool and blood biomarkers for both biochemical remission and therapeutic trough
levels following induction therapy. Further studies that evaluate pharmacodynamic biomarker targets for endoscopic and histologic healing are

warranted.

Key Words: biomarkers, fecal calprotectin, fecal lactoferrin, neutrophil CD64 expression, infliximab, pediatric Crohn’s disease

Received for publications April 24, 2020; Editorial Decision August 4, 2020.

From the *Division of Gastroenterology, Hepatology and Nutrition, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH; "Division of Gastroenterology,
Hepatology and Nutrition, Nationwide Children’s Hospital, Columbus, OH;
Division of Gastroenterology, Hepatology and Nutrition, Children’s Hospital
of Wisconsin, Milwaukee, WI; ‘Division of Gastroenterology, Hepatology and
Nutrition, Connecticut Children’s Medical Center, Hartford, CT; "Department of
Gastroenterology and Hepatology, Amsterdam UMC, Amsterdam, the Netherlands;
'Department of Pediatric Gastroenterology, Emma Children’s Hospital, Amsterdam
UMC, Amsterdam, the Netherlands; **Department of Pediatrics, University of
Cincinnati College of Medicine, Cincinnati, OH

Supported by: This project was supported in part by National Institutes of
Health (NIH) P30 DKO078392 (Clinical Component of the Digestive Diseases
Research Core Center in Cincinnati). This work was supported in part by NIH
(K23DK105229 [PM], R03DK 118314 [PM], T32DK 007727 [RJC)], and a Crohn’s
and Colitis Foundation PROKIIDS grant (PM). Research Electronic Data Capture
(REDCap) electronic data capture tools hosted at Cincinnati Children’s Hospital
Medical Center were supported in part by the NIH (NIH/NCATS UL1 TR000445).

Address correspondence to: Ruben J. Colman, MD, 3333 Burnet Ave, MLC
2010, Cincinnati, OH 45229, USA. E-mail: ruben.colman@cchmc.org.

© The Author(s) 2020. Published by Oxford University Press on behalf of
Crohn’s & Colitis Foundation. All rights reserved. For permissions, please e-mail:
journals.permissions@oup.com

doi: 10.1093/ibd/izaa241

Published online 18 September 2020

Inflamm Bowel Dis ® Volume 27, Number 7, July 2021

INTRODUCTION

Endoscopic evaluation remains the gold standard to
monitor treatment response among patients with Crohn’s di-
sease (CD)." However, frequent reassessment of disease with
endoscopy is associated with increased patient burden, risks,
and cost. Although assessing patient-reported symptoms
would be an ideal alternative method to monitor treatment
response, the nonspecific and heterogeneous nature of CD
symptoms has made it difficult to objectively compare symp-
toms alone with standard markers of disease activity.>*

Surrogate noninvasive or minimally invasive biomarkers
are warranted to address these needs and limitations and are
an attractive alternative to circumvent the need for frequent in-
vasive procedures, especially during induction when evaluation
for primary nonresponse is so vital. The neutrophil-derived
fecal biomarkers calprotectin (FCP) and lactoferrin (LCT) are
now widely accepted as screening tools for new diagnosis of
CD.’ Furthermore, a meta-analysis found that FCP and LCT
were sensitive markers of active endoscopic inflammatory
bowel disease (IBD) among multiple studies.®
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Because FCP has shown the most robust correlation with
endoscopic activity in clinical trials, it therefore is the most ac-
cepted fecal biomarker for mucosal healing in IBD.” Moreover,
the recently published PANTS study identified that lower FCP
levels postinfliximab induction at week-14 were associated with
higher infliximab (IFX) trough levels.® Moreover, a recent post
hoc analysis of the TAILORIX trial demonstrated that FCP is
a responsive pharmacodynamic biomarker after IFX dose esca-
lation.” However, though calprotectin is an accepted biomarker,’
other noninvasive (neutrophil) fecal biomarkers (such as LCT)
are sometimes preferred in real-world clinical practice due to local
availability, cost differences, or third-party payor decisions.

Although well-defined cut points for fecal biomarkers
such as FCP have been validated,®’ blood biomarkers may be
preferred at times due to disease characteristics or patient pref-
erences. Our group previously identified that the novel blood
biomarker neutrophil CD64, which reflects the surface expres-
sion of FcyRI on circulating (activated) neutrophils is elevated
in CD patients who are newly diagnosed and treatment naive.!
Subsequently, we found that the neutrophil CD64 index and the
neutrophil CD64 activity ratio (nCD64, 2 similar approaches
to detect surface expression of CD64 by flow cytometry) were
identified as correlates with endoscopic severity'!, with eleva-
tions in neutrophil CD64 expression identified as a risk factor
for treatment relapse in asymptomatic CD.!> Moreover, base-
line (pretreatment) elevations in nCD64 were associated with a
poor biochemical response to IFX (odds ratio 8.9, P=0.011) in
pediatric CD patients.'

Although all these biomarkers (FCP, LCT, and nCD64)
seem to be correlated with endoscopic activity, limited studies
have evaluated the utility of change in FCP, LCT, or nCD64
over time or their relationship with anti-TNF drug concentra-
tions. However, as frequent endoscopic evaluations are invasive
and there is a limited window of opportunity to objectively de-
termine primary nonresponse, there is a critical need to estab-
lish minimally invasive pharmacodynamic biomarker targets to
monitor and guide treatment over time. We hypothesized that
improvement in the neutrophil fecal markers (FCP or LCT)
and peripheral blood nCD64 during induction therapy would
be associated with a higher likelihood of achieving target IFX
concentrations. The aim was to identify cut points for LCT and
nCD64 that were associated with week-14 FCP biomarker re-
mission (WK 14BR), with a secondary aim to evaluate the re-
lationship between biochemical outcomes and IFX trough
concentrations.

MATERIALS AND METHODS

Study Design

This is a post hoc analysis of a multicenter, observational
cohort of pediatric Crohn’s disease patients who were induced
with IFX and who provided longitudinal blood and stool
biospecimens. For this study, only biospecimens of patients
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recruited at Cincinnati Children’s Hospital were included for
analysis. Patients received standard-of-care (SOC) IFX infu-
sions at 5 to 10 mg/kg at weeks 0, 2, and 6. Our institutional
practice is to administer IFX as monotherapy. Blood and fecal
samples were collected to measure pharmacokinetic and phar-
macodynamic parameters at baseline (before infusion 1; IFX-1)
and throughout the infliximab induction phase until the first
postinduction (before infusion 4; IFX-4).

Fecal Biomarkers

To assess fecal biomarker response, we evaluated the
commonly used neutrophil fecal markers, FCP and LCT. Fecal
calprotectin was measured with the Bithlmann Calprotectin
ELISA kit (Biihlmann laboratories AG, Schénenbuch,
Switzerland). This assay has a lower detection limit of 30 pg/g.
An FCP less than 250 png/g was considered indicative of bio-
marker remission, as this level has previously been demon-
strated to be the most robust levels associated with mucosal
healing.® An FCP less than 100 pg/g was used as a second FCP
cut point, as this the second most robust marker associated
with mucosal healing.

Fecal lactoferrin was measured with the lactoferrin Scan
ELISA kit (Techlab, Blacksburg, VA, USA). The manufacturer
reports that an LCT level at or over 7.25 pg/mL (g) feces is el-
evated. As cut points of mucosal healing are less established
with LCT, we evaluated LCT cut points in our cohort associ-
ated with the FCP cut points of less than 250 ng/g and less than
100 pg/g.

Peripheral-blood Biomarker nCD64

In addition to neutrophil-derived stool biomarkers, we
also analyzed a blood biomarker that reflects circulating neu-
trophil activation. For this study, we used the Leuko64 assay
kit (Trillium Diagnostics, Brewer, ME) to measure the whole
blood neutrophil CD64 by quantitative flow cytometry on a
FACSCalibur (BD Biosciences, San Jose, CA). This kit utilizes
florescent beads and CD64 and CD163 antibodies. Neutrophil
CD64 activation is reported as the neutrophil CD64 index. The
neutrophil CD64 activity ratio, nCD64, is the ratio between the
CD64 mean fluorescent intensity (MFI) of circulating granulo-
cytes and CD64 MFI of circulating lymphocytes. As nCD64 is
a novel method to detect neutrophil CD64 surface expression,
it was only calculated in a subset of patients. Therefore, the
nCD64 was extrapolated from the neutrophil CD64 index by
creating a linear regression standard curve with R?> = 0.673 and
y = 5.37x + 0.9147 based on 243 paired samples (unpublished).

Infliximab Assay

Infliximab serum concentrations were measured at
trough with the electrochemiluminescence-based immuno-
assay (ECLIA) method by Esoterix (LabCorp specialty lab,
Calabasas, CA). This drug tolerant assay detects IFX drug
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concentrations of >0.4 pg/mL and detects antibodies to
infliximab (ATIs) >22 ng/mL.

Clinical Disease Activity

Clinical disease activity was measured with the weighted
Pediatric Crohn’s Disease Activity Index (WPCDAI), which has
demonstrated to perform comparable to the original PCDAI
and its other modified versions.'* Clinical response was de-
fined by a wPCDALI score less than 12.5 at infusion 4 or more
than 17.5 point reduction in wPCDAI between baseline and
infusion 4 per prior publications." Sustained clinical remis-
sion was defined as clinical remission (WPCDAI <12.5) from
postinduction (infusion 4) up to 6 months. Corticosteroid use
beyond the induction phase was considered a treatment failure
for all outcomes.

Outcomes

The primary outcome was end of induction LCT and
nCD64 associated with WK 14BR (defined as FCP <250 pg/g).
The key secondary outcome was IFX-4 levels and the per-
centage change in the neutrophil biomarkers (baseline to end
of induction).

Ethical Considerations

This study was approved by the Cincinnati Children’s
Hospital Medical Center (CCHMC) institutional review
board (IRB). All participants provided consent before study
enrollment.

Statistical Analysis

Differences in linear biomarker levels between nominal
outcome variables were compared using the nonparametric
Mann-Whitney U test. The Kruskal-Wallis test and the Dunn
post-test of multiple comparisons were used to compare the
differences in biomarker outcomes with IFX-4 levels. Data
were presented as medians with interquartile range (IQR).
Area under the receiver operator characteristics (AUROCS)
and Youden-J statistics were calculated with R version 3.6.1
(R Foundation for Statistical Computing, R Core team 2019,
Vienna Austria) and the “cutpointr” package. The ROC graphs
were illustrated with IBM SPSS Statistics version 20.0 (IBM,
Armonk, NY). Correlations between the different biomarkers
were calculated by Spearman correlation. A P value <0.05 was
considered statistically significant.

RESULTS
Among the 56 pediatric patients who submitted stool
samples, 89% (50 of 56) submitted stool at infusion 1 and 93%
(52 of 56) at infusion 4. Eighty-two percent (46 of 52) had
paired fecal samples from infusion 1 and infusion 4. Sixty-six
percent were male, and the mean age was 11.4 years (SD, 4.1;

Table 1). The median time from diagnosis to IFX start was
2 months (IQR, 0-15.5). The majority of patients (88%) had
ileocolonic disease with a predominately (91%) inflammatory
(B1) phenotype.

The median induction dose was 5.8 mg/kg (IQR, 5.1-6.9).
Forty-eight percent of the patients were co-induced with pred-
nisone (at baseline), with 2 patients remaining on prednisone at
infusion 4. One patient was on an immunomodulator (metho-
trexate) at baseline but was discontinued after the second IFX
infusion.

At baseline, 98% (45 of 46) had an elevated FCP, with
a median FCP of 2612 pg/g (IQR, 1563.6-3733.0) and a me-
dian FCP of 596.6 ng/g (IQR, 211.6-2675.8) at infusion 4. We
found that approximately one third of patients (16 of 46) had
FCP <250 pg/g, and 22% (10 of 46) were <100 pg/g at infusion
4. Of note, 63% (10 of 16) of the biochemical remitters (FCP
<250 pg/g) also achieved clinical remission (WPCDAI <12.5)
at infusion 4. Additional baseline biomarker values are listed
in Table 1. The median percentage change in LCT and nCD64
from baseline to infusion 4 was 66% and 29%, respectively.

Cut Points Associated With Biomarker Remission

The AUROC for infusion 4 LCT for distinguishing bio-
chemical remission (WK 14BR, defined by FCP of <250 pg/g)
was 0.934 (95% CI, 0.85-1.00; P <0.001; Figure, Supplementary
Data Content 1A). An LCT Ilevel of 8.06 ng/g had the highest

TABLE 1. Baseline Patient Demographics and Dose
Regimens

Abnormal
Baseline Level

Among Paired

Patient Demographics N =56 Samples
Age at diagnosis (yrs) 11.4(SD 4.1)
Sex (male) 66%
Disease duration at 2(0,15.5)

induction (months)
Paris classification

Alb (10 to <17y) 32 (57%)

L1;L2; L3 2;5; 49 (88%)

Bl1; B2; B3 51 (91%); 3;2
FCP (n = 50) 2612 (1563.6, 3733.0) 98% (45/46)
LCT (n = 50) 62.7 (33.1,93.0) 98% (45/46)
nCD64 (n = 53) 7.8 (5.3, 10.8) 67% (30/45)
CRP (n=43) 1.00 (0.33, 2.10) 79% (30/38)

Dose regimens

Induction doses (mg/kg) 5.8(5.1,6.9)
Steroid use at baseline 27 (48%)
IMM use 1. (2%)

“Data presented as n (%), median (IQR) or mean (SD)
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sensitivity (89%) and specificity (98%) for WK 14BR (Table 2).
The AUROC for LCT associated with a more stringent level
of biomarker quiescence (FCP <100 pg/g) demonstrated an
even stronger association of 0.972 (95% CI, 0.94-1.00; P <
0.0010.001; Figure, Supplementary Data Content 1B). An LCT
level of 6.02 pg/g had the highest sensitivity (100%) and speci-
ficity (95%) associated with this FCP <100 pg/g remission range
(Table 2).

Although the infusion 4 nCD64 discriminatory perfor-
mance for WK14BR was not statistically significant with an
optimal cut point of 6.12 (AUROC, 0.67; 95% CI, 0.50-0.84;
P = 0.07), we performed a secondary analysis to test nCD64
in discriminating WK 14BR at infusion 4 in those patients with
a baseline nCD64 elevation (n = 30; 67% of the cohort). We
found that at the same cut point (6.12), the test was 71% sen-
sitive and 92% specific for WK14BR (AUROC, 0.76; 95% CI,
0.59-0.94; P =0.02).

A similar overall accuracy was observed for those with a
baseline elevated CRP, as we found CRP <0.47 mg/dL was 45%
sensitive and 100% specific for WK14BR (AUROC, 0.72; 95%
CI, 0.58-0.86; P = 0.056).

Biomarkers and Target Infliximab Levels

Next, we evaluated the relationship of the fecal and blood
biomarkers with end of induction IFX trough levels. As expected,
elevations in fecal biomarkers were significantly associated with
reductions in IFX concentrations (Fig. 1). In contrast, the as-
sociation between blood biomarkers overall and IFX concen-
trations was not statistically significant (Figure, Supplementary
Data Content 2). For fecal biomarkers, patients in WK14BR
(FCP <250 ng/g; n = 16) had a median 4 IFX level of 13 ng/mL
(IQR, 7.7-14 pg/mL), while patients who did not achieve bio-
marker remission (FCP>250 pg/g; n = 30), had a median IFX
level of 4.9 pg/mL (IQR, 1.9-9.8 pg/mL; P = 0.008). An infu-
sion 4 TFX level of >9.4 ng/mL was associated with WK14BR
and LCT <8.06 pg/g, with an AUROC of 0.799 (P = 0.002) and
AUROC of 0.812 (P = 0.002; Fig. 2A and 2B), respectively. Fecal
biomarkers with biomarker quiescence FCP <100 pg/g and LCT
<6.02 pg/g predicted an infusion 4 IFX level of >11.5 pg/mL,
with an AUROC of 0.835 (P = 0.003) and AUROC of 0.863
(P =0.002), respectively (Fig. 2C and 2D).

We found a 90% (IQR, 55%-98%) median decrease in
FCP from baseline to IFX-4 for patients with an IFX-4 level

of 25 ug/mL compared with a 35% (IQR, —41 to 84%) me-
dian decrease among patients <5 pg/mL at IFX-4 (P = 0.024;
Figure, Supplementary Data Content 3). There was no differ-
ence in the median percentage change in LCT during induc-
tion (77 vs 45%).

For the blood biomarkers, patients who had an IFX-4
target of 5-10 pg/mL decreased their nCD64 by 48% (IQR, 27%—
58%) from baseline to infusion 4, whereas patients outside this
range had only a 20% (IQR, —6% to 36%, P = 0.031) reduction in
nCD64. We did not find any difference in CRP percentage change
in patients with target IFX levels (66% vs 61%). Of note, infu-
sion-4 IFX levels were also not associated with changes in CRP.

Response in Biomarkers is Associated with

Clinical Response

Clinical responders at infusion 4 had a median decrease
in FCP from baseline to postinduction of 81.3% (IQR, 47%—
94%), whereas clinical nonresponders had a median increase in
FCP by 30% (IQR, —99% to 66%; P < 0.01).

For blood biomarkers, clinical responders at infusion 4
had a median decrease in nCD64 of 37% (IQR, 19%-49%),
whereas clinical nonresponders had a median decrease of 9%
(IQR, —21% to 23%; P = 0.07). Clinical responders had a me-
dian decrease in CRP of 77% (56%-91%) ,and nonresponders
had a median increase of 50% (IQR, —123 to 53; P < 0.01).

Stool Biomarker Levels Predict Sustained Clinical

Remission

Fecal calprotectin of 378.09 pg/g at infusion 4 predicted a
postinduction sustained clinical remission up to 6 months with
a sensitivity of 58% and a specificity of 71% (AUROC, 0.708,
;95% CI1, 0.564-0.853; P = 0.01; Figure, Supplementary Data
Content 4; Table, Supplementary Data Content 5). An LCT
of 25.00 pg/g at infusion 4 predicted a postinduction sustained
clinical remission up to 6 months with a sensitivity of 62% and
a specificity of 68% (AUROC, 0.667; 95% CI, 0.516-0.818;
P =10.04).

Of note, CRP <0.29 at infusion 4 predicted 6-month sus-
tained clinical remission in a similar fashion with a sensitivity
of 86% and specificity of 55% (AUROC, 0.725; 95% CI, 0.589—
0.861; P =0.01). However, nCD64 was not predictive of clinical
remission outcomes.

TABLE 2. Area Under the Receiver Operating Characteristics (AUROC) for Calprotectin Biomarker Remission and Cut

Points for Lactoferrin at Week-14

AUROC FCP Biomarker Remission Optimal LCT Cut point Sensitivity Specificity PPV NPV P
0.934 (0.848-1.000) <250 pglg 8.06 pg/g 89% 98% 98% 89% <0.001
0.972 (0.943-1.000) <100 pglg 6.02 pg/g 100% 95% 100% 69% <0.001

Estimates presented as AUROC (95% confidence interval). Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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DISCUSSION

In this prospective observational cohort, we tracked fecal
and blood biomarkers throughout IFX induction and found an
association between changes in FCP, nCD64, and target IFX
trough concentrations in CD patients completing IFX induc-
tion. Moreover, we identified novel cut points and changes over
time in FCP, LCT, and nCD64.

Although endoscopic evaluation is the gold standard to
assess for mucosal healing, FCP is often used as the surrogate
marker of mucosal healing. Despite some variation in the liter-
ature, FCP levels of <250 ng/g and <100 pg/g are the most ac-
cepted cut points that were associated with mucosal healing in
IBD, with a paucity of articles evaluating percentage change.® !
Much less evidence exists regarding the other neutrophil-
derived stool biomarker LCT.®* However, as there are discrep-
ancies of stool biomarkers in clinical practice, it is vital to
establish cut points to have the ability to compare these stool
markers. Although endoscopy was not performed, we identi-
fied that a cut point of LCT 8.06 pg/g was associated with a
calprotectin of <250 pg/g, and a cut point of LCT 6.02 pg/g
was associated with a calprotectin of <100 pg/g. This is similar
to the cut points of <7.05 pg/g or <7.25 pg/g that have been
identified previously in a meta-analysis and are suggested by
the manufacturer as normal.®

One other pediatric study recently evaluated several fecal
biomarkers with both endoscopic and radiologic disease ac-
tivity with MR enterography.'® This study compared FCP with
S100A12 (FA12), tumor pyruvate kinase isoenzyme type M2
(FM2PK), and osteoprotegerin (FOPG)—but not with lacto-
ferrin. Those authors found that FCP had a better correlation
with endoscopic disease activity as defined by the simple endo-
scopic severity index for CD (SES-CD). However, that study
only evaluated these tests at one time point, with a clear need to
further test longitudinal changes.

Though biomarkers are incorporated into some clinical di-
sease activity scores, they generally do not correlate well with di-
sease activity scores, such as variants of the PCDAIL™ We found
that wPCDALI (which has been described to best correlate with
endoscopic disease activity compared with other versions of the
PCDAI) was poorly correlated with any of the blood biomarkers
(data not shown). This finding was consistent with the literature.*
Alternatively, we found that blood biomarkers CRP and nCD64
were more strongly correlated with stool biomarkers than clin-
ical disease activity (data not shown). In adults, CRP has been
found to be correlated with endoscopic disease activity,® and an
early decrease in CRP has been associated with endoscopic re-
sponse to IFX.? In our study, we did not find a change in CRP to
be associated with IFX response. However, we did find a strong
correlation between CRP and FCP at IFX-4.

As CD is a heterogeneous disease, biomarker accuracy
for clinical disease activity may be patient-specific. Prior studies
identified that there are no differences in CRP levels among
IBD patients with certain TNF-a gene polymorphisms.'” In
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fact, when we conducted a secondary analysis among patients
who had elevated CRP at baseline (79% of the cohort), we iden-
tified that a CRP <0.47 at infusion 4 was associated with FCP
levels in the biochemical remission range <250 ng/g.

Another novel blood biomarker that our group previ-
ously described to be associated with disease activity, neutro-
phil CD64 expression, has been demonstrated to correlate with
endoscopic activity.!®!! In addition, it has also been identified as
a predictive marker for treatment relapse in asymptomatic CD
during maintenance therapy.!® > Our current study identified
that nCD64, which is the ratio of CD64 MFI on granulocytes
to CD64 MFT on lymphocytes, was the blood biomarker with
the strongest correlation with LCT. Even though we were not
able to define a cut point for nCD64 that was associated with
FCP remission for the overall sample, this study newly identi-
fied that an nCD64 cut point of 6.12 postinduction therapy was
associated with FCP in the remission range (<250 pg/g among
patients with an elevated nCD64 at baseline (67% of the co-
hort). This emphasizes the need for additional nontraditional
blood biomarkers besides traditional markers such as CRP to
guide the management of CD. This study underscores that not
all patients are generating CRP during intestinal inflammation.
Moreover, there is an urgent need for blood biomarkers that
guide therapy. In this study, we showed that patients who were
able to achieve target IFX drug concentration levels between 5
and 10 pg/mL at IFX-4 had a 48% decrease of their baseline
nCD64. In contrast, changes in CRP in the entire cohort or
sensitivity analysis were not associated with target IFX levels.

A small study of 15 CD patients previously evaluated
the role of FCP and LCT during anti-TNF therapy and found
that stool biomarkers were correlated with macroscopic disease
measured by the Crohn’s Disease Endoscopic Index of Severity
(CDEIS).!"® However, that study did not report any IFX drug
concentrations.

Moreover, we found that patients with infusion-4 fecal bio-
marker levels in the lowest quartile had higher IFX-4 levels than
patients with fecal biomarkers in higher quartiles. This was sim-
ilar to recent data from the PANTS study; however, patients in
the lowest FCP quartile in our cohort had even higher IFX levels
(>10 pg/mL vs <10 pg/mL) than reported in the PANTS study.®
The difference in the numbers could be related to difference in
IFX concentration detection assays used.'? In addition to what
was found in the PANTS study, we demonstrated that patients
who had an infusion-4 level of >5 ng/mL had a 90% decrease
of FCP from baseline to infusion 4 by, whereas patients with an
IFX< 5 pg/mL had only a 35% decrease after induction.

Our study also had several limitations. Although our
study was a prospective observational study with longitu-
dinal sampling, we had a relatively small sample size (n = 56).
Additionally, we wused well-described fecal inflammatory
marker levels that reflect mucosal healing, but we did not per-
form follow-up endoscopic evaluations at the end of induction
(which is not standard of care) and therefore could not evaluate
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endoscopic healing as an outcome. Also, 48% of patients were
on corticosteroids at time of induction; although this could have
skewed part of the analysis, this is likely a reflection of the di-
sease severity of these patients. Moreover, when we repeated the
PK-analysis for patients without steroids, similar infusion-4 cut
points were found (data not shown). Interestingly, though there
was a strong relationship between higher IFX infusion-4 levels
with lower FCP and LCT levels, this inverse trend was less pro-
nounced among higher fecal levels, particularly for LCT. This
could be a reflection of differences in the exact mechanism that
each test measures in combination with heterogeneity in disease
in CD. Alternatively, it could be that lactoferrin is particularly
less sensitive in distinguishing severity among patients with
higher inflammatory burden. It was reassuring, however, that
there was a strong relationship between distinguishing values
consistent with healing vs values reflecting inflammation.
Despite these limitations, the methods of this observational co-
hort are robust and describe several novel findings related to
fecal and blood biomarkers in association with IFX-levels.

CONCLUSION

This longitudinal, prospective, observational cohort study
of IFX induction therapy among pediatric CD patients identi-
fied LCT and nCD64 cut points for week-14 FCP remission,
along with establishing pharmacodynamic percentage changes
for postinduction target levels. This study identified that an in-
fusion-4 IFX level of 9.4 pg/mL were associated with fecal bi-
omarker levels of remission at an FCP of <250 pg/g or LCT of
8.06 ng/g. A higher infusion-4 IFX level of >11.5 pg/mL was as-
sociated with a more stringent FCP level of <100 pg/g or LCT
of 6.02 pg/g. These data also support the need for routine phar-
macokinetic monitoring with personalized pharmacodynamic
biomarkers. Further research exploring these biomarkers as
pharmacodynamic targets in PK-PD models is warranted.

SUPPLEMENTARY DATA

Supplementary data is available at Inflammatory Bowel Dis-
eases online.
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