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ABSTRACT

Introduction: Loss of response (LOR) to infliximab occurs in ~30% of IBD patients. At time of LOR, lower
infliximab-trough-levels (TL), in the absence of anti-drug-antibodies (ATI), have been associated with the
need for therapy escalation. Nevertheless, few studies have examined the outcome of infliximab-therapy
intensification, based on different TL.
Aim: To evaluate the impact of infliximab-TL on efficacy of therapy intensification (dose-
elevation/interval-shortening).
Methods: This was a retrospective observational study performed at two tertiary-centers between
2013-2017. Study population included IBD patients who underwent infliximab therapy escalation
(dose elevation/interval shortening) due to clinical LOR. Patients with TL<3 pg/ml or positive ATI were
excluded. TL and clinical scores before intensification and after 6, 12 months were obtained prospectively.
Results: Forty-eight IBD patients were included; 23(49%), and 29(60%) reached clinical remission
by 6, 12 months before intensification. TL among patients in clinical remission were signifi-
cantly lower than among those clinically active, both at 6 (p=0.001, median TL 4.7,8.7 png/ml, IQR
3.6-8.1, 5.9-16 pg/ml) and 12 months (p=0.005, median TL 4.6,8.7 u.g/ml, IQR 3.6-8, 5.3-16 pwg/ml),
respectively.
Conclusions: In IBD patients experiencing clinical LOR to infliximab in the absence of ATI, success of
doubling the dose was inversely associated with baseline TL. Patients with baseline TL above 9 mcg/ml
were very unlikely to reach clinical remission.

© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

inaclinical practice setting,a TDM based strategy for patients losing
response to infliximab was more cost-effective than an empirical

Loss of response (LOR) to infliximab occurs in approximately approach, with similar clinical effectiveness [6].

30% of IBD patients within the first year of therapy, with an annual
rate of 13% [1]. At time of LOR, lower infliximab trough levels, in
the absence of anti-drug antibodies, have been associated with the
need for dose escalation, while higher drug levels guide towards
an out-of-class switch [2,3]. Therapeutic drug monitoring (TDM) of
anti-TNF drug/anti-drug antibody trough levels upon LOR has bee
proven useful for guiding the management of more than two thirds
of patients [4,5]. Moreover, it has recently been demonstrated that
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Most recent studies have defined 3-10 ug/ml as the range
of infliximab trough levels associated with optimal clinical
outcome[7-10]. Dose escalation is suggested below 3 pg/ml, while
out of class switch is recommended above the range of 3-10 pg/ml
[10].Several recent studies have putinto question the clinical utility
of using this range for TDM of infliximab therapy, and it has not been
proven separately among CD and UC patients [9,11]. Moreover,
many physicians, especially at clinical centers where trough levels
are not measured routinely, perform dose intensification regardless
of trough levels. Therefore, we decided to perform a retrospective
analysis of all dose intensifications performed upon LOR at two ter-
tiary centers, and to define optimal infliximab levels for successful
dose escalation.

1590-8658/© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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2. Methods
2.1. Patient population

This was a retrospective observational study of all IBD patients
receiving scheduled infliximab therapy at two tertiary medical cen-
ters in Israel and in France, between 2013 and 2018. This study is
a validation cohort for a previous study by Yanai and colleagues,
which analyzed the association between trough levels of anti-TNF
agents and outcomes of interventions for patients with loss of
response [4]. In the previous study, patients treated with inflix-
imab between 2009-2013 in several medical centers in Israel were
included. In the current study, we focused on patients starting
infliximab after 2013. Only patients who received infliximab dose
intensification (either dose elevation to 10 mg/kg every 8 weeks or
interval shortening to 5 mg/kg every 4/6 weeks) due to clinically
documented loss of response were included. Contrary to the previ-
ous study, patients who developed anti-infliximab-antibodies (ATI)
were excluded, as well as patients with infliximab trough levels
lower than 3 pg/ml upon loss of response. Patients’ demographics
and clinical characteristics were obtained from the medical records.
Clinical scores were recorded prospectively for each patient before
each infusion. The study was approved by the medical centers’
ethics committees. All patients signed an informed consent for sera
analyses and review of medical records.

2.2. (linical scores

Clinical status was determined by HBI (Harvey-Bradshaw index)
for Crohn’s disease (CD) and by SCCAI (Simple Clinical Colitis
Activity Index) for ulcerative colitis (UC) patients [12,13]. Clinical
remission was defined as HBI <5 for CD patients and SCCAI <3 for
UC patients [14].

2.3. Inflammatory markers

High sensitivity CRP serum levels were measured with the use
of the CardioPhase hsCRP particle enhanced immunoephelometric
assay (Siemens Medical Solutions Diagnostics, Malvern, PA) and the
immunoturbidimetric assay for the in vitro quantitative determina-
tion of CRP in human serum CRP measurement (Immunoturbimetry
Cobas, Roche).

2.4. Therapeutic drug monitoring

The serum samples were routinely and systematically col-
lected at trough, before infliximab infusions. Infliximab and
anti-infliximab-antibodies’ levels were measured by a previously
described drug-sensitive ELISA assay at Saint-Ettiene and a drug-
tolerant assay at Sheba medical center [15,16].

2.5. Statistical analysis

Continuous variables were expressed as the median and
interquartile range (IQR). Mann-Whitney test was used to com-
pare continuous variables and Fischer’s exact test was used for
categorical data. A receiver-operating characteristic (ROC) analysis
was performed for infliximab trough levels using clinical remission
after therapy escalation as a classification variable. Multivariable
analysis was performed using backward logistic regression. Kaplan
Meier curves were plotted to assess the temporal rate of events and
log rank test was computed for the comparison between survival
free durations. All reported P values were 2-sided, and a p value less
than .05 was considered statistically significant. All statistics were

550 patientsreceived
Infliximab therapyin both
centers between 2013-2017

|

[130 (24%) underwent Infliximab ]

therapy escalation

|
82 excluded due to the presence of
ATI (35) / TL<3 pg/ml (47)

[ 48 patients (37%) included ]

| |
10 (21%) underwent 38 (79%) underwent dose
interval shortening elevation

! |

23 (49%), 29 (60%) reached
clinical remission by 6, 12
months of
infliximab therapy

Fig. 1. Flow chart demonstrating patients’ inclusion into the study.

Table 1

Patients’ demographic and clinical characteristics.
N 48
CD, n(%) 31(65)
UG, n(%) 17 (35)
Age at intensification, years (median, IQR) 36.5(29.5-50.5)
Age at diagnosis, years (median, IQR) 23 (20-30)
Disease duration, years (median, IQR) 8(3-12.5)
Male/Female ratio 0.7
Infliximab therapy duration prior intensification, years 3(1.8-4)

(median, IQR)

Smoking at induction, n(%) 8 (26)
Previous surgery, n(%) 14 (30)

Weight (median, IQR) (
Extra-intestinal manifestations, n (%) (
Previous biological therapy, n (%) (
Previous immunomodulator therapy, n (%) 31(72)
Concomitant immunomodulator therapy, n (%) (
Clinical remission 6 months post intensification, n (%) (
Clinical remission 12 months post intensification, n (%) (

CD — Crohn’s disease, UC — ulcerative colitis, TNF — Tumor Necrosis Factor, TL —
trough levels, IQR — interquartile range.

performed with MedCalc software (version 12.2.1.0, Mariakerke,
Belgium).

3. Results

550 patients received scheduled infliximab therapy at both
centers between 2013 and 2017. Of those 130 patients (24%) under-
went infliximab therapy escalation due to clinical loss of response.
82 patients (63%) were excluded due to the presence of ATI/TL
below 3 pg/ml upon LOR. Thus, 48 patients were included in the
analysis (10, and 38 underwent interval shortening and dose eleva-
tion respectively, Fig. 1). Table 1 demonstrates the patients’ clinical
and demographic characteristics. Dose escalation resulted in clini-
cal remission in 23 (49%), 29 (60%) of the patients by 6, 12 months
of scheduled infliximab therapy. Table 2 demonstrates infliximab
TL and CRP (C-reactive protein) values before and at the two time-
points after escalation. It is of note, that median CRP values before
escalation were increased (15mg/dl), but normalized 6 and 12
months post intervention (5, 4 mg/dl respectively).

TL of patients who underwent clinical remission post-
intensification were significantly lower than those who were
clinically active, both at 6 (p=0.001, median TL 4.7, 8.7 p.g/ml,
IQR 3.6-8.1, 5.9-16 p.g/ml respectively, Fig. 2a) and at 12 months
(p=0.005, median TL 4.6, 8.7 pg/ml, IQR 3.6-8, 5.3-16 pg/ml
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Table 2
Infliximab TL & protocol at the different time-points.
Median infliximab TL at intensification, pg/mL (median, 7.8 (4.5-9.2)
IQR)
Median CRP at intensification, mg/dl (median, IQR) 15 (4-23)
Infliximab therapy protocol at intensification — 48 (100%)
5 mg/kg/8 weeks
Infliximab TL 6 months post intensification, pg/mL 79 (4.7-11.1)
(median, IQR)?
Median CRP 6 months post intensification, mg/dl (median, 5(3.8-12)
IQR)
Infliximab therapy protocol at 6 months (dose elevation to 38 (79%)
10 mg/kg)
Infliximab TL 12 months post intensification, pg/mL 6.7 (4.8-11.2)
(median, IQR)"
Median CRP 12 months post intensification, mg/dl 4(3-6)
(median, IQR)
Infliximab therapy protocol at 12 months (dose elevation 38(79%)

to 10 mg/kg)

TL — trough levels, IQR — interquartile range.

2 Patients who lost response and stopped infliximab therapy before the 6 months’
period were excluded (n=19).

b patients who lost response and stopped infliximab therapy before the 12
months’ period were excluded (n=28).

p=0.001

20

TL (mcg/ml)
=
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20—
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Fig. 2. (a) TL of patients who underwent clinical remission 6 months post-
intensification were significantly lower than those who were still clinically active. TL
— trough level. (b) TL of patients who underwent clinical remission 12 months post-
intensification were significantly lower than those who were still clinically active.
TL — trough level.
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Fig. 3. (a)Rate of clinical remission 6 months post therapy intensification in relation
to infliximab level quartiles at time of LOR. LOR — clinical loss of response. (b) Rate
of clinical remission 12 months post therapy intensification in relation to infliximab
level quartiles at time of LOR. LOR — clinical loss of response.

respectively, Fig. 2b) after the intervention. Subsequently, an
analysis of infliximab trough level quartiles in association with
clinical outcome was performed for both time-points. Clinical
remission at both six and 12 months was significantly more
prevalent for patients with infliximab levels at the first quar-
tile (<4.54 pg/ml) before therapy intensification, compared to
second and fourth quartiles (for 6 months’ remission: p=0.02,
OR=0.1,95%C10.01-0.7, p=0.003, OR=0.02, 95%CI 0.001-0.26, for
12 months’ remission: p=0.02, OR=0.11, 95%CI 0.02-0.7, p=0.008,
OR=0.07, 95%CI 0.009-0.5, Fig. 3a, b).

An incremental gain analysis was also performed, to demon-
strate alternations in clinical remission rate one year after
intensification, in relation to infliximab TL upon LOR. While inflix-
imab TL<5 pg/ml upon LOR resulted in successful intensification
in 60% of patients, only 10% of intensified patients with TL of 11
and over gained clinical remission (Supplementary Fig. 1). On ROC
analysis, infliximab trough levels <4.8 wg/ml before treatment esca-
lation were found to be optimal for dose intensification, both for
clinical remission at 6 months (AUC=0.77, p=0.0001, 91% sensi-
tivity, 66% specificity) and at 12 months (AUC=0.74, p=0.001, 83%
sensitivity, 58% specificity, Fig. 4a, b).

In view of the possible differences between CD and UC in
response to dose optimization and in pharmacokinetics, a subanal-
ysis according to IBD type was performed; Median TLin CD patients
who underwent clinical remission following dose intensification
were significantly higher than among those who were still clinically
active 6 months post-intervention (p=0.01, median 4.5, 8.7 pg/ml,
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Fig. 4. (a) Infliximab trough levels below 4.8 pg/ml were optimal for clinical
remission at 6 months (AUC=0.77, p=0.0001, 91% specificity, 66% sensitivity). (b)
Infliximab trough levels below 4.8 pug/ml were optimal for clinical remission at 12
months (AUC=0.74, p=0.001, 83% specificity, 58% sensitivity).

IQR 3.8-8.3, 5.7-16 g/ml respectively) and of borderline statisti-
cal significance 12 months post-intervention (p =0.08, median 4.6,
8.3 pg/ml, IQR 4-8.2, 5.2-15 wg/ml respectively). Findings were
quite similar for UC; Median TL in UC patients who underwent
clinical remission following dose intensification were significantly
higher than among those who were still clinically active 6 months
post-intervention (p=0.026, median 4.8, 8.9 wg/ml, IQR 3.4-8.1,
6.3-16 pg/ml respectively), as well as 12 months post intensifi-
cation (p=0.02, median 4.2, 8.7 ng/ml, IQR 3-8, 5.8-14.3 pg/ml
respectively).

In order to map out all factors associated with optimal clini-
cal outcome after infliximab therapy intensification univariate and
multivariable analyses were performed. On univariate analysis,
lower infliximab TL and longer disease duration were associated
with clinical remission 6 months post intensification, while only
lower infliximab TL was associated with clinical remission at 12
months. On multivariable analysis, only infliximab TL predicted
both 6 and 12 months clinical remission. Supplementary Tables
1a, 1b demonstrate all associations on univariate and multivariable
analyses.

4. Discussion

The direct association between infliximab TL and optimal clini-
cal and endoscopic outcome has been proven in numerous studies
[3-6,11]. Nevertheless, only few studies examined the effect of
increasing infliximab TL on outcome of various interventions for
LOR [4,17]. Yanai et al. demonstrated that infliximab TL greater than
3.8 pg/mL identified patients who failed to respond to an increase
indrug dosage or a switch to another anti-TNF agent with 90% speci-
ficity. In that study, TL guided therapeutic decisions for more than
two-thirds of IBD patients with clinical LOR [4].

The current study focused on the more specific subgroup of
IBD patients, who developed LOR, with positive TL (and sufficient
according to some studies, >3 g/ml) and no identifiable ATI (i.e.
non-immunogenic LOR). This study was designed to address a clin-
ical dilemma many physicians face when an infliximab therapy
patient experiences LOR; As the therapeutic arsenal for moder-
ate — severe IBD is limited, should we always try to intensify
infliximab therapy before switching to another drug? In which
cases would intensification hardly be effective? Should we try to
intensify even if infliximab levels are over 3 wg/ml? This study
demonstrated that we should definitely try to intensify when inflix-
imab TL is over 3 pg/ml. TL below 4.8 g/ml are best associated
with clinical remission, both 6 and 12 months after the inter-
vention, but intensification can still be effective in most patients
when applied in patients with TL<7 pg/ml. It is of note, that in
this study, in order to strengthen the validity of the findings,
patients with positive ATI were excluded from the analysis. This
was done on the grounds that the existence of ATI is associated
with lower infliximab levels (through immune complex formation)
[2,18].

In our study, dose escalation was performed in 24% of the
cohort (55/130 patients). According to a recent meta-analysis, the
mean percentage of patients on infliximab who needed dose esca-
lation ranged from 14% to 54%, with a mean of 41.8% (585/1397
patients). The annual risk was 14.9% (585/3918) per patient-
year. Another study demonstrated a dose escalation rate of 30%,
which is similar to ours [19,20]. Notwithstanding, the rate of
dose escalation differs between medical centers and depends not
only on clinical judgement, but also on access to and acceptance
of therapeutic drug monitoring for routine management of IBD
patients.

In the present study infliximab therapy escalation resulted
in clinical remission in 23 (49%), 29 (60%) of the patients by 6,
12 months. Quite similarly, in previous studies and case-series,
dose-intensification has been shown to restore clinical response in
60-90% of patients in the short term, and in 35-50% in the long term
(>12months) [21,22]. A previous randomized — controlled study
demonstrated that infliximab therapy intensification resulted clin-
ical remission in 53-58%. In that trial, performing intensification in
cases of low drug levels and no ATI, resulted in significantly reduced
average treatment costs per patient, compared with routine inflix-
imab dose escalation, and without any apparent negative effect on
clinical efficacy [22]. In light of those findings, and the outcomes of
our study, it seems that performing infliximab dose escalation with
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lower infliximab TL, perhaps lower than 7 pg/ml, would not only
be more clinically effective, but would also save treatment costs.

Several studies have evaluated association between infliximab
TL and outcome of therapy in CD and UC separately. It has been
shown that negative TL are associated with LOR in moderate/severe
UC patients, regardless of immunogenicity. Few studies have com-
pared LOR and dose escalation events in UC versus CD, and
demonstrated that dose escalation may occur earlier and more
often in UC patients. Nevertheless, exact optimal threshold for
dose escalation of infliximab therapy in UC patients has not been
described [23]. In a review which compared studies assessing pro-
portion of patients not in remission above a certain threshold, for
UC and CD separately, higher numbers of patients with UC were
unlikely to be in remission at infliximab trough concentrations
above >3 mg/mL[24], although head to head trials of infliximab
pharmacokinetics upon LOR in both IBD types have not yet been
performed [25]. In the current study, median TL upon intensifica-
tion were significantly lower among those in remission by 6, 12
months, similarly for UC and for CD separately. On multivariate
analysis, IBD type was not a factor, which affected outcome of inten-
sification. It is of note, that an exact cut-off for UC, CD separately
could not be calculated, due to the limited number of patients in
each subgroup.

Multivariable analyses were performed in order to assess pre-
dictors of clinical remission after infliximab therapy intensification
for both time-points (6, 12 months after intensification). The only
factor significantly associated with successful intensification was
lower infliximab TL. Few previous studies examined predictors of
successful infliximab therapy intensification. In one study, smok-
ing was demonstrated as the only modifiable predictive factor for
failure to re-gain response by dose escalation. Age of diagnosis
between 16 to 40 years and normal CRP at LOR were also associated
with sustained 12-month response to intensification [26].

In the current study, no difference was detected between dose
elevation to 10 mg/kg in comparison with interval shortening (to
5mg/kg every 4 or 6 weeks). There is little agreement about the
optimal protocol for dose-intensification. Pharmacokinetic model-
ing suggested that that interval shortening would result in greater
effective drug level AUC compared to equivalent dose-increasing
[27]. However, several previous studies have found both strategies
similarly effective [26,28,29].

Our study has several limitations; Firstly, as this is a very spe-
cific cohort (infliximab therapy patients who underwent therapy
intensification due to LOR, with TL>3 pg/ml and without devel-
opment of antibodies), the sample size is small, which affects
subgroup and multivariate analysis. Secondly, as this is a retro-
spective study, confounders related to patients’ selection cannot be
excluded. Nonetheless, this is a ‘real-life’ cohort from two tertiary
centers, with prospective clinical scores and TL measurements. A
further limitation is the use of two different ELISA assays in the
two centers, which may impact accuracy of the findings. Although
it has been shown previously that both assays demonstrate a high
level of agreement for measurement of infliximab trough levels,
some of the ATI measured in infliximab positive patients using the
drug-sensitive assay can be unidentified [30].

In conclusion, this study demonstrates that in patients expe-
riencing non-immunogenic LOR, dose intensification would be
significantly more effective in patients with lower infliximab TL,
both in the short and in the long term. Patients with baseline TL
above 9 pg/ml were very unlikely to reach clinical remission upon
doubling the dose of infliximab. In fact, the only factor significantly
associated with successful intensification was lower infliximab TL.
This demonstrates once again that therapeutic drug monitoring
assists us in selection of the optimal intervention for each specific
patient.

Conflict of interest
Bella Ungar received consultation fees from Janssen and Abbvie.

Shomron Ben-Horin received consulting and advisory board fees
and/or research support from AbbVie, MSD, Janssen, Takeda and
CellTrion. Uri Kopylov received speaker and advisory fees from
Abbvie, Jannsen, MSD, Takeda and Medtronic, and research sup-
port from Jannsen, Medtronic and Takeda. Rami Eliakim received
consultant and speaker fees from Janssen, Abbvie, Takeda and
Medtronic. None of the other authors have any conflicts to declare.

Funding

The study was partly supported by the Talpiot Pinchas Boren-
stein Medical leadership grants from the Sheba Medical Center (to
SBH and BU). The funder body had no role or influence on the design,
interpretation, or drafting of the result

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.d1d.2019.02.013.

References

[1] Ben-Horin S, Chowers Y. Review article: loss of response to anti-TNF treatments
in Crohn’s disease. Aliment Pharmacol Ther 2011;33(9):987-95, http://dx.doi.
org/10.1111/j.1365-2036.2011.04612.x.

[2] Yanai H, Hanauer SB. Assessing response and loss of response to biological
therapies in IBD. Am J Gastroenterol 2011, http://dx.doi.org/10.1038/ajg.2011.
103.

[3] Papamichael K, Cheifetz AS. Use of anti-TNF drug levels to optimise

patient management. Frontline Gastroenterol 2016, http://dx.doi.org/10.1136/

flgastro-2016-100685.

Yanai H, Lichtenstein L, Assa A, Mazor Y, Weiss B, Levine A, et al. Levels of

drug and antidrug antibodies are associated with outcome of interventions

after loss of response to infliximab or adalimumab. Clin Gastroenterol Hepatol

2015, http://dx.doi.org/10.1016/j.cgh.2014.07.029.

Gisbert JP, Panés J. Loss of response and requirement of infliximab dose inten-

sification in Crohn’s disease: a review. Am ] Gastroenterol 2009, http://dx.doi.

org/10.1038/ajg.2008.88.

Guidi L, Pugliese D, Tonucci TP, et al. Therapeutic drug monitoring is more cost-

effective than a clinically based approach in the management of loss of response

to infliximab in inflammatory bowel disease: an observational multicentre
study. ] Crohn’s Colitis 2018, http://dx.doi.org/10.1093/ecco-jcc/jjy076.

[7] Mazor Y, Almog R, Kopylov U, et al. Adalimumab drug and antibody levels as

predictors of clinical and laboratory response in patients with Crohn’s disease.

Aliment Pharmacol Ther 2014, http://dx.doi.org/10.1111/apt.12869.

Ungar B, Levy [, Yavne Y, et al. Optimizing anti-TNF-a therapy: serum levels

of infliximab and adalimumab are associated with mucosal healing in patients

with inflammatory bowel diseases. Clin Gastroenterol Hepatol 2016, http://dx.
doi.org/10.1016/j.cgh.2015.10.025.

D’Haens G, Vermeire S, Lambrecht G, et al. Increasing infliximab dose based

on symptoms, biomarkers, and serum drug concentrations does not increase

clinical, endoscopic, and corticosteroid-free remission in patients with active
luminal Crohn’s disease. Gastroenterology 2018, http://dx.doi.org/10.1053/j.
gastro.2018.01.004.

[10] Vande Casteele N, Ferrante M, Van Assche G, et al. Trough concentrations of
infliximab guide dosing for patients with inflammatory bowel disease. Gas-
troenterology 2015, http://dx.doi.org/10.1053/j.gastro.2015.02.031.

[11] Pouillon L, Ferrante M, Van Assche G, et al. Mucosal healing and long-term
outcomes of patients with inflammatory bowel diseases receiving clinic-based
vs trough concentration-based dosing of infliximab. Clin Gastroenterol Hepatol
2018, http://dx.doi.org/10.1016/j.cgh.2017.11.046.

[12] Higgins PDR, Schwartz M, Mapili ], Krokos I, Leung J, Zimmermann EM. Patient
defined dichotomous end points for remission and clinical improvement in
ulcerative colitis. Gut 2005, http://dx.doi.org/10.1136/gut.2004.056358.

[13] Harvey RF, Bradshaw JM. Simple index of Crohn’S disease activity. Lancet 1980,
http://dx.doi.org/10.1016/S0140-6736(80)92767-1.

[14] Vermeire S, Schreiber S, Sandborn W], Dubois C, Rutgeerts P. Correlation
between the Crohn’s disease activity and Harvey-Bradshaw indices in assessing
Crohn’s disease severity. Clin Gastroenterol Hepatol 2010, http://dx.doi.org/10.
1016/j.cgh.2010.01.001.

[15] Ben-Horin S, Yavzori M, Katz L, et al. The immunogenic part of infliximab is
the F(ab’)2, but measuring antibodies to the intact infliximab molecule is more
clinically useful. Gut 2011, http://dx.doi.org/10.1136/gut.2009.201533.

[16] Roblin X, Rinaudo M, Del TedescoE, et al. Development of an algorithm incorpo-
rating pharmacokinetics of adalimumab in inflammatory bowel diseases. Am J
Gastroenterol 2014, http://dx.doi.org/10.1038/ajg.2014.146.

[4

[5

6

[8

[9


https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
https://doi.org/10.1016/j.dld.2019.02.013
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1111/j.1365-2036.2011.04612.x
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1038/ajg.2011.103
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1136/flgastro-2016-100685
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1016/j.cgh.2014.07.029
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1038/ajg.2008.88
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1093/ecco-jcc/jjy076
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1111/apt.12869
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1016/j.cgh.2015.10.025
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2018.01.004
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1053/j.gastro.2015.02.031
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1016/j.cgh.2017.11.046
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1136/gut.2004.056358
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/S0140-6736(80)92767-1
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1016/j.cgh.2010.01.001
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1136/gut.2009.201533
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146
dx.doi.org/10.1038/ajg.2014.146

B. Ungar et al. / Digestive and Liver Disease 51 (2019) 1106-1111 1111

[17] Roblin X, Marotte H, Leclerc M, et al. Combination of C-reactive protein, inflix-
imab trough levels, and stable but not transient antibodies to infliximab are
associated with loss of response to infliximab in inflammatory bowel disease.
] Crohn’s Colitis 2015, http://dx.doi.org/10.1093/ecco-jcc/jjv061.

[18] Ungar B, Chowers Y, Yavzori M, et al. The temporal evolution of antidrug anti-
bodies in patients with inflammatory bowel disease treated with infliximab.
Gut 2014, http://dx.doi.org/10.1136/gutjnl-2013-305259.

[19] Qiu Y, Chen BL, Mao R, et al. Systematic review with meta-analysis: loss of
response and requirement of anti-TNFa dose intensification in Crohn’s disease.
] Gastroenterol 2017, http://dx.doi.org/10.1007/s00535-017-1324-3.

[20] Steenholdt C, Bendtzen K, Brynskov ], et al. Changes in serum trough levels
of infliximab during treatment intensification but not in antiinfliximab anti-
body detection are associated with clinical outcomes after therapeutic failure
in Crohn’s disease. ] Crohn’s Colitis 2015, http://dx.doi.org/10.1093/ecco-jcc/
jivoo4.

[21] Cesarini M, Katsanos K, Papamichael K, et al. Dose optimization is effective in
ulcerative colitis patients losing response to infliximab: a collaborative multi-
centre retrospective study. Dig Liver Dis 2014, http://dx.doi.org/10.1016/j.dld.
2013.10.007.

[22] Steenholdt C, Brynskov ], Thomsen 0@, et al. Individualised therapy is more
cost-effective than dose intensification in patients with Crohn’s disease who
lose response to anti-TNF treatment: a randomised, controlled trial. Gut 2014,
http://dx.doi.org/10.1136/gutjnl-2013-305279.

[23] Oussalah A, Chevaux JB, Fay R, Sandborn W], Bigard MA, Peyrin-Biroulet L. Pre-
dictors of infliximab failure after azathioprine withdrawal in Crohn’s disease
treated with combination therapy. Am ] Gastroenterol 2010, http://dx.doi.org/
10.1038/ajg.2010.158.

[24] Vande Casteele N, Herfarth H, Katz ], Falck-Ytter Y, Singh S. American Gastroen-
terological Association Institute technical review on the role of therapeutic
drug monitoring in the management of inflammatory bowel diseases. Gas-
troenterology 2017, http://dx.doi.org/10.1053/j.gastro.2017.07.031.

[25] Taxonera C, Olivares D, Mendoza ]JL, Diaz-Rubio M, Rey E. Need for infliximab
dose intensification in Crohn’s disease and ulcerative colitis. World ] Gastroen-
terol 2014, http://dx.doi.org/10.3748/wjg.v20.i27.9170.

[26] Katz L, Gisbert JP, Manoogian B, et al. Doubling the infliximab dose versus halv-
ing the infusion intervals in Crohn’s disease patients with loss of response.
Inflamm Bowel Dis 2012, http://dx.doi.org/10.1002/ibd.22902.

[27] St.clair EW, Wagner CL, Fasanmade AA, et al. The relationship of serum inflix-
imab concentrations to clinical improvement in rheumatoid arthritis: results
from ATTRACT, a multicenter, randomized, double-blind, placebo-controlled
trial. Arthritis Rheum 2002, http://dx.doi.org/10.1002/art.10302.

[28] Kopylov U, Mantzaris GJ, Katsanos KH, et al. The efficacy of shortening the
dosing interval to once every six weeks in Crohn’s patients losing response to
maintenance dose of infliximab. Aliment Pharmacol Ther 2011, http://dx.doi.
org/10.1111/j.1365-2036.2010.04523.x.

[29] Ben-Horin S, Kopylov U, Chowers Y. Optimizing anti-TNF treatments in inflam-
matory bowel disease. Autoimmun Rev 2014, http://dx.doi.org/10.1016/j.
autrev.2013.06.002.

[30] Afonso J, Lopes S, Gongalves R, et al. Detection of anti-infliximab antibodies is
impacted by antibody titer, infliximab level and IgG4 antibodies: a systematic
comparison of three different assays. Therap Adv Gastroenterol 2016, http://
dx.doi.org/10.1177/1756283X16658223.


dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1093/ecco-jcc/jjv061
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1136/gutjnl-2013-305259
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1007/s00535-017-1324-3
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1093/ecco-jcc/jjv004
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1016/j.dld.2013.10.007
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1136/gutjnl-2013-305279
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1038/ajg.2010.158
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.1053/j.gastro.2017.07.031
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.3748/wjg.v20.i27.9170
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/ibd.22902
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1002/art.10302
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1111/j.1365-2036.2010.04523.x
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1016/j.autrev.2013.06.002
dx.doi.org/10.1177/1756283X16658223
dx.doi.org/10.1177/1756283X16658223
dx.doi.org/10.1177/1756283X16658223
dx.doi.org/10.1177/1756283X16658223
dx.doi.org/10.1177/1756283X16658223
dx.doi.org/10.1177/1756283X16658223
dx.doi.org/10.1177/1756283X16658223

	Infliximab therapy intensification upon loss of response: Is there an optimal trough level?
	1 Introduction
	2 Methods
	2.1 Patient population
	2.2 Clinical scores
	2.3 Inflammatory markers
	2.4 Therapeutic drug monitoring
	2.5 Statistical analysis

	3 Results
	4 Discussion
	Conflict of interest
	Funding
	Appendix A Supplementary data
	References


