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Knowledge of Fecal Calprotectin and Infliximab Trough Levels
Alters Clinical Decision-making for IBD Outpatients on
Maintenance Infliximab Therapy

Vivian W. Huang, MSc, MD,* Connie Prosser, PhD," Karen I. Kroeker, MSc, MD,* Haili Wang, MSc, MD,*
Carol Shalapay, MLT," Neil Dhami, BSc,* Darryl K. Fedorak, BSc,* Brendan Halloran, MD,*
Levinus A. Dieleman, MD, PhD,* Karen J. Goodman, PhD,* and Richard N. Fedorak, MD*

Background: Infliximab is an effective therapy for inflammatory bowel disease (IBD). However, more than 50% of patients lose response. Empiric
dose intensification is not effective for all patients because not all patients have objective disease activity or subtherapeutic drug level. The aim was to
determine how an objective marker of disease activity or therapeutic drug monitoring affects clinical decisions regarding maintenance infliximab therapy
in outpatients with IBD.

Methods: Consecutive patients with IBD on maintenance infliximab therapy were invited to participate by providing preinfusion stool and blood
samples. Fecal calprotectin (FCP) and infliximab trough levels (ITLs) were measured by enzyme linked immunosorbent assay. Three decisions were
compared: (1) actual clinical decision, (2) algorithmic FCP or ITL decisions, and (3) expert panel decision based on (a) clinical data, (b) clinical data plus
FCP, and (c) clinical data plus FCP plus ITL. In secondary analysis, Receiver-operating curves were used to assess the ability of FCP and ITL in
predicting clinical disease activity or remission.

Results: A total of 36 sets of blood and stool were available for analysis; median FCP 191.5 ug/g, median ITLs 7.3 wg/mL. The actual clinical decision
differed from the hypothetical decision in 47.2% (FCP algorithm); 69.4% (ITL algorithm); 25.0% (expert panel clinical decision); 44.4% (expert panel
clinical plus FCP); 58.3% (expert panel clinical plus FCP plus ITL) cases. FCP predicted clinical relapse (area under the curve [AUC] = 0.417; 95%
confidence interval [CI], 0.197-0.641) and subtherapeutic ITL (AUC = 0.774; 95% CI, 0.536—1.000). ITL predicted clinical remission (AUC = 0.498;
95% CI, 0.254—0.742) and objective remission (AUC = 0.773; 95% CI, 0.622-0.924).

Conclusions: Using FCP and ITLs in addition to clinical data results in an increased number of decisions to optimize management in outpatients with
IBD on stable maintenance infliximab therapy.

(Inflamm Bowel Dis 2015;21:1359-1367)
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Anti-tumor necrosis factor—o. monoclonal antibodies such as
infliximab are effective in inducing and maintaining remission
in patients with Crohn’s disease (CD)'* and ulcerative colitis
(UC).*> However, an estimated 40% of patients on infliximab ther-
apy eventually lose response at a rate of 13% per patient-year of

treatment.* Empiric infliximab dose intensification is often the ini-
tial management strategy after loss of response, with secondary
switch to another anti-tumor necrosis factor medication, and if these
strategies fail, a change in the class of medication or proceeding to
surgery.” Although loss of response is frequently manifested with
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a return of clinical symptoms, the reliability of symptoms to predict
active disease is not robust. In contrast, the biomarker fecal calpro-
tectin (FCP) has been shown to accurately reflect the presence of
intestinal inflammation and thus active IBD.¢”?

Serum infliximab trough levels (ITLs) have been found to
be associated with clinical response,'® and algorithms using serum
ITLs have been shown to be clinically efficacious and cost effec-
tive.!'"!* Nevertheless, a subset of patients demonstrate clinical
symptoms while ITLs are therapeutic and require further investi-
gation to assess the presence or absence of active disease. The
addition of objective markers of disease activity (such as FCP) to
therapeutic drug monitoring, and using this combination during
maintenance infliximab therapy, may add to the clinical utility of
therapeutic drug monitoring. However, FCP and ITL are not eas-
ily available to many clinicians who manage patients with IBD,
and it is currently unclear if these measurements would best be
used in algorithms or incorporated into clinical assessments and
whether they would even impact clinical decision-making.

In this study, we prospectively evaluated how FCP and ITL
used in algorithms or used in addition to clinical data could affect
clinical decision-making in outpatients with IBD receiving main-
tenance infliximab therapy. We also assessed the ability of FCP in
predicting clinical disease activity or subtherapeutic ITL and of ITL
in predicting clinical versus objective disease remission.

METHODS

Study Design and Setting

This study was conducted from the University of Alberta
IBD infliximab infusion clinic, Edmonton, Canada, in 2013. This
study was designed to include prospective recruitment of patients
and collection of samples, as well as retrospective chart review.

Participants

Outpatients with IBD receiving maintenance infliximab
therapy were prospectively and randomly invited to participate.
Patients provided (1) a morning fecal sample on the day of
infliximab infusion for FCP determination and (2) a blood
sample drawn immediately before the infliximab infusion for
ITL assessment. A chart review determined clinical response to
infliximab.

Inclusion criteria included: (1) an endoscopic and/or
radiologically confirmed diagnosis of CD or UC, (2) a primary
response to the induction regimen of infliximab (5 mg/kg at wk 0,
2, and 6) defined by a decrease in the modified Harvey—Bradshaw
Score (mHBI; Harvey—Bradshaw index less abdominal examina-
tion) by >3 points'* or a decrease in the partial Mayo (pMayo;
Mayo score less endoscopic subscore) score by >2 points,' (3)
receiving stable maintenance infliximab infusions, defined as in-
fusions subsequent to the third induction dose or subsequent to the
first infusion after any dose or interval change, (4) both a stool
sample and an ITL from the same infusion, and (5) complete
records on infliximab infusions since initial induction.
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Data Sources and Definitions

Baseline Demographics

Demographic data recorded included gender, age, disease
type, infusion premedication with methylprednisolone, and use of
concomitant medications (azathioprine, 6-mercaptopurine, and
methotrexate). Infliximab treatment characteristics included (1)
infliximab dose in milligrams per kilograms, and (2) infliximab
dosing interval in weeks.

FCP Level

FCP (MRP8/14) was measured by enzyme linked immu-
nosorbent assay using a monoclonal antihuman calprotectin-
coated plate (Immunodiagnostik, Bensheim, Germany). Stool
samples were stored at —20°C before analysis. The thawed stool
was mixed and 15 g weighed, diluted with buffer, and analyzed in
duplicate. The lower limit of detection of this method is 5 pg/g
stool. The manufacturer suggested >250 pg/g as positive test,
a cutoff shown to predict endoscopic disease activity.'® The var-
iability of the assay was 9.5% at 20 pg/g and 7.2% at 100 pg/g.

Infliximab Trough Level

ITLs were determined on serum samples collected within
30 minutes before the infusion. Serum was separated and frozen
within 4 hours of collection. An enzyme linked immunosorbent
assay method (Immunodiagnostik) was used to quantitate free
infliximab. Results are reported down to 0.4 pg/mL with an inter-
assay precision of 8% at 1.8 pg/mL, 9% at 8.6 wg/mL, and 20%
at 12.9 pg/mL.

Disease Activity

Clinical remission was defined as a mHBI <5 for patients
with CD or a pMayo <2 for patients with UC. Clinical disease
activity was defined as a mHBI =5 for patients with CD or
a pMayo =2 for patients with UC. Objective remission was
defined as FCP <250 ng/g, and objective disease activity was
defined as FCP =250 wg/g.'®

Actual Clinical Decision

Patients were seen at each infliximab infusion by the
attending physician (one of several gastroenterologists with at least
1 yr of subspecialty training in IBD) and an actual clinical
management decision made. The actual clinical decision was made
with the physician blinded to calprotectin and ITLs and was based
on clinical symptoms, mHBI or pMayo score, and any available
laboratory and imaging investigations up to the time of the infusion
visit. Possible decisions included (1) “no action” (i.e., no change in
management) or (2) “action”—“investigation (i.e., endoscopy),”
“dose escalation,” “dose de-escalation,” or “switch drugs.”

Hypothetical Decisions

FCP algorithmic decision. An FCP <250 pg/g led to “no
action” while an FCP =250 pg/g led to “an action.”
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ITLs algorithmic decision. ITLs <3.0 pg/mL led to “dose
escalation,” ITLs between 3.0 pg/mL and 7.0 pg/mL led to “no
action,” ITLs >7.0 pg/mL led to “dose de-escalation.”

Expert Panel Decisions

Three expert IBD clinicians (R.F., K.K., H.W.) constituted
the panel. Expert panel decisions were determined based on the
majority decision (i.e., 2 of the 3 clinicians had to agree).

Expert panel decision based on clinical data only. Based
only on the available clinical data (disease type and location,
mHBI or pMayo score, and any available laboratory and imaging
investigations up to the time of the infusion visit). Possible

decisions included (1) “no action” or (2) “action”—"“investigation
(i.e., endoscopy),” “dose escalation,” “dose de-escalation.”

Expert panel decision based on clinical data plus FCP. The
panel was provided with the FCP level for each patient case in
addition to the available clinical data. Possible decisions included

(1) “no action” or (2) “action”—“investigation (i.e., endoscopy),”
“dose escalation.” “dose de-escalation.”

Expert panel decision based on clinical plus FCP plus
ITL. The panel was provided the FCP and the ITL for each patient
case in addition to the available clinical data. Possible decisions

included (1) “no action” or (2) “action”“investigation (i.e., endos-
copy),” “dose escalation,” “dose de-escalation,” or “switch drugs.”

Study Objectives

The primary objectives of this study were to evaluate how (1)
decisions based on FCP and ITL used in algorithms and (2)
decisions based on the addition of FCP and ITL to clinical data differ
from the actual clinical decision made based on clinical assessment,
in outpatients with IBD receiving maintenance infliximab therapy.

The secondary objectives of this study were to (1) assess
the relationship between FCP, ITL, and clinical disease activity,
(2) determine the ability of FCP to predict clinical disease activity
or subtherapeutic ITL, and (3) determine the ability of ITL to
predict clinical versus objective remission in outpatients with IBD
on stable maintenance infliximab therapy

Bias

This study involved a random cross-sectional sampling of
patients with IBD receiving stable maintenance infliximab
therapy. A retrospective chart review for patient demographics
was conducted subsequent to patient recruitment and
therefore minimizes selection bias. The FCP and ITL algorithmic
decisions were based purely on the measured FCP and ITL. The
expert panel decisions were determined by majority agreement
and were independent of the algorithmic decisions.

Statistical Methods
Continuous variables are presented as median (interquartile
range [IQR]) because of the small sample size and nonparametric

distributions. Nonparametric Mann—Whitney and Kruskall-Wallis
tests were used to determine significant differences between me-
dians. For categorical variables, proportions were calculated and
comparison between subgroups was performed using the Fisher’s
Exact test. A P < 0.05 was considered significant. Each category
of decision made was compared with the actual clinical decision
made and presented in table format as number of cases (in
percentages).

Receiver-operating curves (ROC) were used to assess the
discriminate ability of (1) FCP to predict clinical disease activity
and subtherapeutic ITL and (2) ITL to predict clinical remission
and objective remission. The area under the ROC was calculated
with 95% confidence intervals (CI), and the optimum ITL was
determined using the Youden’s method.

RESULTS

Patient Characteristics

Table 1 shows the demographic and infliximab treatment
characteristics of the 36 included patients. There were 23 (63.9%)
females and 13 (36.1%) males. The majority had CD (25/36,
69.4%), with ileal (12/25, 48.0%) or ileocolonic (11/25, 44.0%)
involvement. Two-thirds (24/36, 66.7%) of patients were on con-
comitant medication. Only 72.2% (26/36) of the patients were in
clinical remission at the time of sample collection. The median
FCP was 192.0 (IQR: 48.0-462.0) png/g, with 21/36 (58.3%)
patients having an FCP<< 250 pg/g. The median ITL was 7.3
(IQR: 3.9-13.1) pg/mL, with 5/36 (14%) having subtherapeutic
levels <3.0 pg/mL with 18/36 (50.0%) having supratherapeutic
levels >7.0 wg/mL. Of the 15 patients who had FCP =250 ng/g,
4 (26.7%) had supratherapeutic ITLs >7.0 pwg/mL, 7 (46.7%) had
therapeutic ITLs in the 3.0 to 7.0 pg/mL range, and 4 (26.7%) had
subtherapeutic ITLs <3.0 pg/mL. Conversely, of the 13 patients
who had therapeutic ITLs in the 3.0 to 7.0 wg/mL range, only 6
(46.2%) had FCP <250 pg/g.

Primary Objective: Comparison of Actual
Clinical Decision and Hypothetical Decisions

Actual Clinical Decision Compared with FCP and
ITLs Algorithmic Decisions

As shown in Table 2, the actual clinical decision and the
FCP algorithmic decision differed in 17 of 36 (47.2%) cases
(bolded text); 13 (36.1%) from “no action” to “action,” 3
(8.3%) from “action/investigation” to “no action,” and 1 (2.8%)
from “dose de-escalation” to “no action,” respectively.

As shown in Table 2, the actual clinical decision and the
ITL algorithmic decision differed in 25 of 36 (69.4%) cases
(bolded text); 5 (13.9%) from “no action” to “dose escalation,”
16 (44.4%) from “no action” to “dose de-escalation,” 3 (8.3%)
from “investigation” to “no action,” and 1 (2.8%) from “dose
escalation” to “no action,” respectively.
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TABLE 1. Demographics of 36 Outpatients with IBD
on Stable Maintenance Infliximab Therapy, Infliximab
Infusion Clinic, University of Alberta

All Study Participants

N %
Total number 36
Age, median (IQR), yr 39.0 (26.0-57.0)
Gender
Female 23 63.9
Male 13 36.1
Disease
CD 25 69.4
ucC 11 30.6
CD Montreal Classification
Al—below 16 yr 10/25 40.0
A2—between 17 and 40 yr 10/25 40.0
A3—above 40 yr 5/25 20.0
L1—ileal 12/25 48.0
L2——colonic 2/25 8.0
L3—ileocolonic 11725 44.0
L4—isolated upper disease 4/25 16.0
Bl—nonstricturing, nonpenetrating 12/25 48.0
B2—stricturing 3/25 12.0
B3—penetrating 10/25 40.0
p—perianal disease modifier 6/25 24.0
UC Montreal Classification
El—ulcerative proctitis 0/11 0
E2—Ieft-sided UC (Distal UC) 4/11 36.4
E3—extensive UC 7/11 63.6
SO—clinical remission 9/11 81.8
S1—mild UC 1/11 9.1
S2—moderate UC 1/11 9.1
S3—severe UC 0/11 0
Clinical score at time of infusion
In clinical remission by score 26/36 72.2
Patients with CD
mHBI, median (IQR) 4.0 (1.0-5.0)
mHBI <35, clinical remission 17/25 68.0
mHBI 5-7, mild disease 6/25 24.0
mHBI 8-16, moderate disease 2/25 8.0
mHBI >16, severe disease 0/25 0
Patients with UC
Partial Mayo median (IQR) 1.0 (0.0-1.0)
pMayo 0-1, clinical remission 9/11 81.8
pMayo 2—4, mild disease 2/11 18.2
pMayo 5-6, moderate disease 0/11 0
pMayo 7-9, severe disease 0/11 0
Smoking status
Never smoked 30 83.3
Former smoker 2 5.6
Current smoker 4 11.1
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TABLE 1 (Continued)

All Study Participants

N %

Premedication

No 20 55.6

Yes 16 44.4
Concomitant medication

No 12 333

Yes 24 66.7
FCP level

Median FCP (IQR) 192.0 (48.0-462.0)

<250 pgl/g 21 58.3

=250 pg/g 15 41.7
ITL level

Median ITL (IQR) 7.3 (3.9-13.1)

<3.0 pg/mL 5 13.9

3.0-7.0 pg/mL 13 36.1

>7.0 wg/mL 18 50.0

Actual Clinical Decision Compared with Expert
Panel Decisions

As shown in Table 3, the actual clinical decision and the
expert panel clinical decision differed in 8 of 36 (22.2%) cases
(bolded text); 4 (11.1%) from “no action” to “investigation,” 1
(2.8%) from “no action” to “dose escalation,” 2 (5.6%) from
“investigation” to “no action,” and 1 (2.8%) from “dose escala-
tion” to “no action,” respectively.

As shown in Table 4, the actual clinical decision differed
from the expert panel clinical plus FCP decision in 16 of 36
(44.4%) cases; 12 (33.3%) from “no action” to “investigation,” 1
(2.8%) from “no action” to “dose escalation,” 1 (2.8%) from “inves-
tigation” to “no action,” and 1 (2.8%) from “dose de-escalation” to
“no action,” respectively.

As shown in Table 4, the actual clinical decision differed
from the expert panel clinical plus FCP plus ITL decision in 21 of
36 (58.3%) cases; 9 (25.0%) from “no action” to “investigation,”
3 (8.3%) from “no action” to “dose escalation,” 5 (13.9%) from
“no action” to “dose de-escalation,” 1 (2.8%) from “no action” to
“switch drugs,” 1 (2.8%) from “investigation” to “no action,” 1
(2.8%) from “dose escalation” to “investigation,” and 1 (2.8%)
from “dose de-escalation” to “switch drugs,” respectively.

Secondary Analysis: Relationship of FCP and
ITL and Clinical Disease Activity

The ROCs showing the relationship of FCP in discriminat-
ing clinical disease activity and subtherapeutic ITL are shown in
Figure 1A, B. The area under the ROC for FCP to predict clinical
disease activity was 0.417 (95% CI, 0.197-0.641). The area under
the ROC for FCP to predict subtherapeutic ITL was 0.774 (95%

Copyright © 2014 Crohn’s & Colitis Foundation of America, Inc. Unauthorized reproduction of this article is prohibited.
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TABLE 2. Contingency Table Comparing Algorithmic Decisions Based on FCP and ITLs with the Actual Clinical

Decisions Made

FCP Algorithmic Decision

ITL Algorithmic Decision

No Action FCP  Action FCP No Action ITL Action Dose Escalation  Action Dose De-escalation
<250 pgl/g =250 ng/g (3.0-7.0) pg/mL ITL <3.0 pg/mL ITL >7.0 pg/mL

Total N =36 N =21 N =15 N =13 N=35 N =18
Actual clinical decision

No action n =30 17/36 (47.2%) 13/36 (36.1%) 9/36 (25.0%) 5/36 (13.9%) 16/36 (44.4%)

Action (investigate n=4 3/36 (8.3%) 1/36 (2.8%) 3/36 (8.3%) 0 1/36 (2.8%)

with endoscopy)

Action (dose n=1 0 1/36 (2.8%) 1/36 (2.8%) 0 0

escalation)

Action (dose de- n=1 1/36 (2.8%) 0 0 0 1/36 (2.8%)

escalation)

Bolded values represent those in whom the algorithmic decision differed from the actual clinical decision.

CI, 0.536-1.000). Table 5 presents the sensitivity and specificity
for various FCP cutoffs in predicting clinical disease activity or
subtherapeutic ITL.

The ROCs showing the relationship of ITL in discrimi-
nating clinical remission and objective remission are shown in
Figures 2A, B. The area under the ROC for ITL to predict clinical
remission was 0.498 (95% CI, 0.254-0.742) and to predict objec-
tive remission was 0.773 (95% CI, 0.622-0.924). Table 6 presents
the sensitivity and specificity of various ITL cutoffs for predicting
clinical or objective remission.

DISCUSSION
Infliximab maintenance therapy is often continued indefi-
nitely in patients with IBD when they appear to respond and do
not have adverse events. However, when patients have symptoms

suggestive of loss of response, their infliximab dose is often
empirically escalated. In this study, an analysis of different
decisions based on FCP and ITL algorithms or on the addition
of FCP and ITL to clinical data, regarding maintenance infliximab
therapy was conducted. The addition of FCP and ITLs in all
decision scenarios resulted in different decisions in a significant
proportion of cases suggesting that these objective markers of
disease activity (FCP) and of therapeutic drug level (ITLs) are
important in clinical decision-making regarding the management
of patients with IBD on infliximab maintenance therapy. The
secondary analysis of the study showed that the ability of these
objective measurements to predict clinical remission or relapse
varied depending on cutoffs used, suggesting that algorithms
based on specific cutoffs may not be useful.

In this study, using only the clinical scores, 72.2% of
patients with IBD receiving infliximab maintenance therapy were

TABLE 3. Contingency Table Comparing Expert Panel Decisions Based on Clinical Data with the Actual Clinical

Decision Made

Expert Panel Decision Based on Clinical Data Only

Action (Investigate Action (Dose

No Action with Endoscopy) Action (Dose Escalation) de-escalation)
Total N =36 N=29 N=6 N=1 N=0
Actual clinical decision
No action n =30 25/36 (69.4%) 4/36 (11.1%) 1/36 (2.8%) 0
Action (investigate with endoscopy) n =4 2/36 (5.6%) 2/36 (5.6%) 0 0
Action (dose escalation) n=1 1/36 (2.8%) 0 0 0
Action (dose de-escalation) n=1 1/36 (2.8%) 0 0 0

Bolded values represent those in whom the algorithmic decision differed from the actual clinical decision.

wwwibdjournalorg | 1363

Copyright © 2014 Crohn’s & Colitis Foundation of America, Inc. Unauthorized reproduction of this article is prohibited.



Siofeumolpqramwm | £9€ |

TABLE 4. Contingency Table Comparing Expert Panel Decisions Based on Clinical Plus FCP or FCP and ITL with the Actual Clinical Decisions
Made

Expert Panel Decision Based on Clinical Plus FCP Expert Panel Decision Based on Clinical Plus FCP Plus ITL
Action Action Action (Dose Action Action Action (Dose
(Investigate with (Dose de- (Investigate with (Dose de- Action (Switch
No Action endoscopy) Escalation)  escalation) No Action endoscopy) Escalation)  escalation) Drugs)

Total N =36 N =19 N =16 N=1 N=0 N =13 N =13 N=3 N=6 N=1
Actual clinical decision

No action N=30 17/36 (47.2%) 12/36 (33.3%) 1/36 (2.8%) 0 12/36 (33.3%)  9/36 (25.0%)  3/36 (8.3%) 5/36 (13.9%) 1/36 (2.8%)

Action (investigate N=4 1/36 (2.8%) 3/36 (8.3%) 0 0 1/36 (2.8%) 3/36 (8.3%) 0 0 0

with endoscopy)

Action (dose N=1 0 1/36 (2.8%) 0 0 0 1/36 (2.8%) 0 0 0

escalation)

Action (dose N=1 1/36 2.8%) 0 0 0 0 0 0 0 1/36 (2.8%)

de-escalation)

Bolded values represent those in whom the algorithmic decision differed from the actual clinical decision.
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TABLE 5. FCP Levels for Predicting Clinical Disease
Activity and Subtherapeutic ITL

Clinical Disease activity Subtherapeutic ITL

FCP FCP

(mng/g)  Sensitivity  Specificity  (pg/g)  Sensitivity  Specificity
475 0.600 0.192 47.5 1.000 0.290
99.0 0.500 0.346 99.0 0.800 0.452
136.0° 0.300 0.385 136.0 0.800 0.516
191.5 0.300 0.423 191.5 0.800 0.548
246.0 0.300 0.500 246.0 0.800 0.613
204.5 0.300 0.615 294.5° 0.800 0.710
340.0 0.300 0.654 340.0 0.800 0.742
398.0 0.300 0.731 398.0 0.600 0.774

#Optimal FCP level for predicting clinical disease activity or subtherapeutic ITL using
Youden’s method.

Bolded values indicate the optimal FCP level above which FCP predicts clinical disease
activity or subtherapeutic ITL, using Youden’s method.

plus FCP decision (44.4%) suggests that clinicians generally
agree on the FCP cutoff of 250 wg/g as an indicator of disease
activity or predictor of disease flare and would make decisions to
investigate or adjust therapy accordingly.

Previous studies have suggested that therapeutic ITLs range
from 3.0 to 7.0 pg/mL and have proposed that therapeutic drug
monitoring can be used to manage loss of response in infliximab
treated patients with IBD or in optimizing maintenance infliximab
therapy. In this study, only 36.1% of the patients with IBD receiv-
ing infliximab maintenance therapy had a therapeutic ITL between
3.0 to 7.0 pwg/mL. However, only 46.2% of the patients who had
therapeutic ITLs were in objective remission (normal FCP <250
pg/g). The actual clinical decision differed from the ITL algorithm
decision (72.2%) in more cases than it differed from the expert
panel clinical plus FCP plus ITL decision (58.3%). Although there
were 18 cases that had supratherapeutic ITLs and therefore should
be de-escalated by the ITL algorithm, the expert panel decided to
de-escalate only 5 patients because the other patients had elevated
FCP suggesting that clinicians are wary of basing their clinical
decisions on therapeutic drug monitoring alone.

FCP was a modest biomarker to predict clinical disease
activity (area under the curve [AUC] = 0.417; 95% CI, 0.197—
0.641) but was a better biomarker to predict subtherapeutic ITL
(AUC = 0.774; 95% CI, 0.536—1.000). ITL was a modest predictor
of clinical remission (AUC = 0.498; 95% CI, 0.254-0.742) but had
better ability to predict objective remission (AUC = 0.773; 95% CI,
0.622-0.924). The limitation of our secondary analysis was that we
used clinical scores to define clinical remission, and FCP was used
to define objective remission; we did not have endoscopic evalua-
tion or inflammatory markers, such as C-reactive protein, for all
patients. However, this strengthens the translatability of our study
findings to clinical practice, as in many centers across the world,
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FIGURE 2. A, ROC for ITL for the prediction of clinical remission. B, ROC
for ITL for the prediction of objective remission.

patients may not have endoscopic evaluation or C-reactive protein
measured routinely with each infliximab infusion.

Another limitation of this study was that it was that the
algorithmic decisions were based on an FCP cutoff 250 pg/g and
a therapeutic ITL range of 3.0 to 7.0 mg/mL, based on the avail-
able current literature. We illustrate with our secondary analysis
that the test characteristics for FCP or ITL in predicting clinical or
objective disease activity varies with cutoff levels. Therefore,
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TABLE 6. ITLs for Predicting Clinical and Objective
Remission

Clinical Remission Objective Remission

ITL ITL

(mg/mL)  Sensitivity — Specificity (g/mL) Sensitivity — Specificity
3.05 0.800 0.154 3.05 0.952 0.333
4.15 0.600 0.231 4.15 0.857 0.467
5.2 0.600 0.308 5.2 0.810 0.533
6.65" 0.400 0.423 6.65 0.667 0.667
7.3 0.400 0.462 7.3% 0.667 0.733
8.2 0.400 0.500 8.2 0.619 0.733
10.4 0.400 0.692 10.4 0.524 0.933

?Optimal infliximab threshold trough level for predicting remission, using Youden’s
method.

Bolded values indicate the optimal ITL level above which ITL predicts clinical remission
or objective remission, using Youden’s method.

using FCP or ITL in algorithms based on cutoff levels may have
limited use in clinical practice.

Steenholdt et al'* demonstrated the clinical utility and cost
effectiveness of a test-based algorithm to manage secondary loss of
response to infliximab therapy. However, their algorithm was based
on first measuring the ITLs and anti-infliximab antibodies and then
categorizing patients into 1 of 4 subgroups of loss of response based
on these levels. However, an estimated 57% of patients with CD and
33% of patients with UC may have concomitant irritable bowel
syndrome-like symptoms.'” Patients with IBD who have clinical
loss of response may actually have symptoms that are not due to
active IBD."®!"? Initial investigations to confirm active IBD before
the measurement of infliximab and anti-infliximab antibodies could
be recommended based on clinical suspicion.'*?° However, pursuing
investigations such as endoscopy or imaging tests on each patient
with IBD who has symptoms while on infliximab maintenance
therapy may be costly. However, it is currently unclear whether it
would be more cost effective to investigate symptoms to confirm
active IBD before measuring infliximab and anti-infliximab abs lev-
els or to measure levels first; either strategy would be appropriate.?!

Another limitation of our study is that the hypothetical
decisions (algorithmic and expert panel) were based on single
FCP and ITLs. Consecutively elevated FCP has been shown to
predict relapse in patients with UC,** so it may also be a better
strategy to measure consecutive FCP as well as ITLs in addition to
monitoring clinical symptoms in patients with IBD receiving in-
fliximab maintenance therapy and adjust infliximab therapy to
prevent predicted relapse.

CONCLUSIONS

In conclusion, using FCP and ITL in addition to clinical
data results in an increased number of decisions to optimize

1366 | wwwi.ibdjournal.org

management in outpatients with IBD on stable maintenance
infliximab therapy. The costs and benefits of monitoring FCP
and ITLs during maintenance infliximab therapy in outpatients
with IBD require additional study.
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