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Abstract

Background: The role of therapeutic drug monitoring for infliximab [IFX] therapy in children with
inflammatory bowel disease [IBD] is poorly investigated. We determined if IFX exposure correlates
with long-term remission in children.

Methods: In this retrospective study, all children with Crohn’s disease [CD] and ulcerative colitis
[UC], receiving maintenance IFX at our centre, were included. Serum trough levels and cumulative
drug exposure were correlated with clinical, biological, and endoscopic remission. All children
received proactive drug monitoring and dose adaptation aiming to target a therapeutic window of
3-7 pg/mL. All data are presented as median [interquartile range].

Results: A total of 686 serum levels during IFX maintenance in 52 paediatric patients [33 CD and
19 UC] were included (median 9 [4-18] per patient). With a median of 17 [8-36] months under
IFX therapy, 39/52 [75%)] patients were in clinical remission and 29/40 [73%] patients were in
endoscopic remission. Median IFX trough levels were significantly higher when children achieved
clinical remission (5.4 [3.8-8.0] ng/mL versus 4.2 [2.6-6.7] ng/mL), biological remission (5.2 [3.7-7.7]
png/mL versus 4.2 [2.6-6.5] ng/mL), combined clinical and biological remission (5.7 [4.0-8.2] ng/mL
versus 4.4 [2.7-6.8] ng/mL) and endoscopic remission (6.5 [4.2-9.5] ng/mL versus 3.2 [2.3-5.6] ng/
mL) compared with not meeting these criteria [all p < 0.001].

Conclusions: In this large paediatric cohort, children with clinical and/or endoscopic remission had
significantly higher IFX exposure during maintenance therapy. We showed excellent outcome data
using serial and systematic measurements of drug levels.This could provide a rationale for the use
of proactive drug monitoring in children in order to improve long-term outcomes.

Key Words: Inflammatory bowel disease; infliximab; therapeutic drug monitoring

Copyright © 2018 European Crohn’s and Colitis Organisation (ECCO). Published by Oxford University Press. All rights reserved.
For permissions, please email: journals.permissions@oup.com

20z Iudy 0} U0 1senB AQ $6E0LS/9LEL/L L/Z1/RI0ILE/0[-0098/W0o" dNO"dlWSPESE//:SANY WO} PAPEOIUMOQ


http://www.oxfordjournals.org/
mailto:severine.vermeire@uzleuven.be?subject=

Role of Therapeutic Drug Monitoring in Paediatric IBD

1317

1. Introduction

The management of paediatric inflammatory bowel disease [IBD]
has changed drastically since the introduction of anti-tumour necro-
sis factor [TNF]-alpha agents.' Anti-TNF treatment has shown to
induce mucosal healing and improve long-term outcome in paediat-
ric IBD patients.* Nevertheless, approximately one-third of patients
who initially respond to anti-TNF therapy will lose response over
time and may require treatment optimisation.¢ A possible mechan-
ism of loss of response [LOR] is immunogenicity with development
of anti-drug antibodies.”” LOR might be seen more frequently in
children than in adults, because of different pharmacokinetics.®!°
Since therapeutic options in children with IBD are still limited, opti-
misation of treatment by preventing LOR and immunogenicity is
therefore of utmost importance in order to improve outcome.

Therapeutic drug monitoring [TDM] has been proposed as one of
the ways to improve outcome.!! Introducing TDM may also provide
a potential benefit in avoiding side effects while maintaining effective
drug levels and preserving normal development and growth, which is
especially important in children. However, the role of TDM during
infliximab [IFX] maintenance therapy in paediatric IBD patients is
still poorly studied. Available literature suggests that low IFX trough
levels correlate with poor clinical outcome.'>!” However, inconsisten-
cies in the definition of response between studies makes it difficult to
cross-examine and to make firm conclusions, especially with regard
to specific concentration thresholds for optimal efficacy. Literature in
paediatric IBD furthermore suffers from low sample size. Therefore,
treating a complex disease such as paediatric IBD, requires more
standardised definition of drug efficacy endpoints enabling cross-
comparison of results among different studies. In addition, serial
measurement of IFX trough levels will greatly improve the robustness
of the findings compared with cross-sectional sampling.

Therefore, the primary aim of this study was to determine
whether IFX trough levels during maintenance therapy correlate
with clinical, biological, and/or endoscopic remission. Second, we
wanted to identify factors that correlate with drug levels and out-
come. Finally, we searched if a cut-off value during maintenance can
be proposed which accurately reflects mucosal healing.

2. Materials and Methods

2.1. Patients and study design

A retrospective study was conducted in all children with Crohn’s
disease [CD] and ulcerative colitis [UC] who received maintenance
IFX therapy initiated for active IBD at our tertiary referral centre
since March, 2015. The last date of follow-up was January, 2018 or
alternatively the date when the patient was transferred to the adult
gastroenterology unit. Because children are transferred before the age
of 18, only data during childhood and adolescence were collected.
All patients were assessed clinically by the same two paediatric gas-
troenterologists by means of the PCDAI [Paediatric Crohn’s Disease
Activity Index]** and the PUCAI [Paediatric Ulcerative Colitis Activity
Index].?! Primary non-responders to IFX were excluded from the ana-
lysis. They were defined as patients with a decrease in PCDAI < 12.5%°
and a decrease in PUCAI < 20 points,”! and this in association with
therapeutic IFX trough levels at the beginning of maintenance ther-
apy [> 3 pg/mL measured as trough at IFX dose 4 or 5, depending on
the first available IFX trough level?>?]. Enrolled patients were treated
with TFX infusion of 5 mg/kg at Week 0, Week 2, and Week 6, but
IFX induction regimens could be intensified at the discretion of the
treating physician, based on disease severity. All children thereafter
received standard proactive drug monitoring during maintenance

treatment, even when the patient was asymptomatic. Normally, before
each IFX infusion, the drug concentration was measured and dose
adaptation was made aiming to target a therapeutic window of 3-7
pg/mL [conforming with adult studies?*]. This study was approved
by the Ethical Committee of our university hospital [Approval No:
$59870, April 10, 2017].

2.2. Data collection
Patient characteristics were assessed retrospectively from the medical
records and included age, sex, IBD type [CD and UC], Paris clas-
sification for disease burden at diagnosis, comorbidity data at last
follow-up, and concomitant treatment at the start of the IFX therapy
and during the follow-up period [mesalazine, steroids, thiopurines, or
methotrexate]. At the time of each patient visit, disease activity was
determined and mentioned in the medical records using the PCDAI
for CD and the PUCAI for UC. IFX doses and intervals were recorded
along with patient biometrics [body weight and height| and age. The
anthropometric measures (body weight, height, and body mass index
[BMI]) were expressed by standard references using age- and sex-
specific references from the Belgium, Flanders 2004 growth charts.?
The following laboratory tests were measured before the IFX
infusion: haemoglobin, platelets, C-reactive protein [CRP], erythro-
cyte sedimentation rate [ESR], albumin, and serum IFX trough
levels. IFX trough levels were determined by Ridascreen IFX moni-
toring enzyme-linked immunosorbent assay [ELISA] [R-Biopharm,
Darmstadt], whereas anti-IFX antibodies [ATI] were determined
by the drug-sensitive anti-IFX bridging assay developed in house.?
Endoscopy was performed in case of disease flare or to evaluate
mucosal healing, typically 6 to 12 months after starting IFX therapy.

2.3. Definitions outcome

Clinical remission was defined as a PCDAI/PUCAI less than 10.27-%
Biological remission was defined as CRP < 5 mg/L in combination
with an ESR < 20 mm/h, in patients with elevated inflammatory
markers at the start of IFX therapy only.'* Patients were considered
to be in combined clinical and biological remission if both crite-
ria [clinical and biological remission] were met. Clinical and bio-
logical outcomes were evaluated at every visit to the infusion unit.
Endoscopic remission was defined as absence of ulcerations.?” For
CD patients, endoscopic remission was evaluated by both gastros-
copy and ileocolonoscopy, whereas for UC patients, it could be
either sigmoidoscopy or colonoscopy. If these strict criteria were not
met, the patients were considered to show lack of response.

2.4. Statistical analysis

Continuous variables are presented as medians with interquartile
ranges [IQR]. Categorical variables are presented as frequencies and
percentages. All data below and above the limit of quantification
were substituted with the value of the lower and upper limit of quan-
tification, i.e. 0.3 and 12.0 pg/mL for IFX trough levels. For the uni-
variable analysis of unpaired continuous variables, an independent
two-group Mann-Whitney U test was used. To quantify correlation,
Spearman’s rank correlation coefficient [r] was calculated. For the
univariable analysis of discrete variables, Fisher’s exact test or chi-
square test was used where appropriate. A Kaplan-Meier curve was
used to predict the proportion of patients who were free of treatment
failure over time. Receiver operating characteristic [ROC] analysis
was used to define the optimal cut-off value for the different IFX
efficacy endpoints. A Kruskal-Wallis test was used to test differences
in IFX trough levels between more than two groups. A linear trend
was tested with the Cochran-Armitage trend test for the IFX efficacy
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endpoints [proportions of patients who met the criteria of remission
at latest follow-up visit were grouped into quartiles according to
the overall median IFX trough level per patient]. A binary logistic
regression analysis was performed to assess associations between the
predefined outcomes and the studied variables. All significant vari-
ables obtained in univariable analyses [p < 0.05] were integrated into
the model for multivariable analysis, followed by a backward Wald
method. Except for variables with high collinearity [variance inflation
factor > 5], only one of these variables was retained in the model.
Thresholds points from the ROC curve were calculated using the
Youden’s ] statistic and the ‘closest top-left’ method. Results of mul-
tivariable analysis were shown as odds ratios and 95% confidence
intervals [Cls]; p-values were calculated two-tailed and the threshold
for significance was set at 0.05. IBM SPSS 25.0 software [SPSS Inc.,
Chicago, IL, USA] was used to perform all statistical analyses.

3. Results

3.1. Patients’ characteristics

A total of 52 children (33 [63.5%] CD and 19 [36.5%] UC) were
included, with a slight [55.8%] female predominance [Table 1]. The
indications for initiation of IFX included flare under immunomodu-
lators [ = 31, 59.6%], perianal penetrating behaviour [ = 2, 3.8 %],
steroid dependence [17 = 17, 32.7%], and postoperative prevention of
recurrence in two patients [3.8%].

Since all children received proactive drug monitoring, changes in
IFX doses and interval [based on the IFX trough level of the previous
visit] were made to reach the therapeutic window. This resulted in
a median maintenance dosing interval of 5 [4.0-6.0] weeks; 67.8%
of patients received 5 mg/kg IFX dosing and 32.2% received dose
intensification up to 15 mg/kg. To simplify recording, all IFX doses
were presented as per 8-week interval. Thus, if the administered IFX
dose of the patient was for example 7.5 mg/kg with an interval of 6
weeks, the standardised dose would be 10 mg/kg/8 weeks. The over-
all median standardised IFX dose was 8 [6.7-13.3] mg/kg/8 weeks.

3.2. Infliximab trough concentration data
In total, 686 samples were collected from these 52 patients dur-

ing IFX maintenance treatment. Available IFX trough levels ranged

Table 1. Patient characteristics.

from 1 to 48, with a median of 9.0 [4.0-18.0] IFX trough levels
per patient. The overall median IFX trough level during mainte-
nance was 5.0 [3.2-7.3] pg/mL. Based on the therapeutic window of
3-7 pg/mL, 29.0 % of all IFX trough levels were supratherapeutic
[> 7.0 pg/mL], 50.9% were therapeutic [3-7 pg/mL], and 20.1 %
were subtherapeutic [< 3.0 pg/mL], including 0.6% with undetect-
able IFX trough levels [< 0.3 pg/mL]. Out of the four samples with
undetectable serum levels [derived from four different patients], only
one patient [25.0%] was positive for ATI [51 ng/mL] and therefore
stopped IFX therapy. In the other three patients, ATIs were negative
and in these, the IFX trough level could be optimised by treatment
intensification. In addition, more than half of these subtherapeutic
IFX trough levels [60.5%] were obtained during the first three meas-
urements performed in the framework of proactive TDM during
maintenance.

3.3. Outcome

3.3.1. Relationship between IFX trough level and clinical and/

or biological remission

Clinical remission was reported in 459 out of the 686 visits [66.9%].
IFX trough levels correlated significantly, although weakly, with dis-
ease activity based on PCDAI [r = -0.228, p < 0.0001] for CD and
PUCAI [r_ = -0.200, p = 0.003] for UC patients. Median IFX trough
levels during maintenance were significantly higher in children who
were in clinical remission at a particular time point (5.4 [3.8-8.0] pg/
mL) compared with visits at which patients showed lack of response
(4.2 [2.6-6.7] ng/mL, p < 0.0001).

Biological remission was only evaluated in patients with elevated
inflammatory markers at start of IFX therapy and/or diagnosis
[n = 47, or 90.4%]. Biological remission was reported in 404 out
of the 641 visits [63.0%]. Median IFX trough levels during main-
tenance were significantly higher in children who were in biological
remission at a particular time point (5.2 [3.7-7.7] pg/mL) compared
with visits at which patients showed lack of response (4.2 [2.6-6.5]
pg/mL, p < 0.0001).

We then looked at combined clinical and biological remission,
which was only reported in in 336 of the 686 visits [49.0%] due to
the strict definition of combined clinical and biological remission,
which combines low disease activity index and normalisation of

Number of patients, 7 52
Sex, male, 7 [%] 23 [44]
Crohn’s disease, 72 [%)] 33 [63]

Paris classification for CD at diagnosis®®

Age at diagnosis, 7 [%]: Ala, Alb

Disease location, 7 [%]: L1, L2, L3

Upper Gl involvement, 7 [%]: L4a, L4b

Disease behaviour, 7 [%]: B1, B2, B3

Perianal disease modifier, 7 [ %]

Growth, 7 [%]: GO, G1
Paris classification for UC

Disease extent, 7 [%]: E1, E2, E3, E4

Disease severity, 7 [%]: SO, S1
Age at diagnosis, year, median [IQR]
Age at start of [FX, year, median [IQR]
Disease duration before starting IFX, months, median [IQR]
Follow-up time under [FX, months, median [IQR]
Concomitant immunosuppression at start of maintenance, 7 [%|
Comorbidity, 7 [%]: none, arthritis, psoriasis, atopy, PSC

12 [36], 21 [64]
7 [21], 6 [18], 20 [61]
19 [58],2 (6]

26 [791, 6 [18], 1 [3]
6 18]

26(79],7 [21]

1 (5], 5 [26], 3 [16], 10 [53]
13 [68], 6 [32]

12.2 [9.5-14.4]

13.0 [11.1-15.0]

4.5 [2.0-8.8]

17 [8-36]

40 [75]

28 [54], 6 [12], 3 [6],17 [33], 1 [2]

CD, Crohn’s disease; GI, gastrointestinal tract; IFX, infliximab, IQR, interquartile range; PSC, primary sclerosing cholangitis; UC, ulcerative colitis.
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CRP and ESR. Median IFX trough levels during maintenance were
significantly higher in children who were in combined clinical and
biological remission at a particular time point (5.7 [4.0-8.2] pg/mL)
compared with visits at which patients showed lack of response (4.4
[2.7-6.8] pg/mL, p < 0.0001].

3.3.2. Relationship between IFX trough level and endoscopic
remission

Endoscopic data were available at 87 time points in 40 different
patients after a median of 12.6 [12.6-22.4] months. In 54.0 % of
the visits, the patients were in endoscopic remission at the time of
evaluation [n = 47]. IFX trough levels used for comparison were
measured at the time of endoscopy if the patient received an IFX
infusion on the same day. In all other cases, IFX trough levels were
measured at the time of the nearest IFX infusion. Median IFX
trough levels during maintenance were significantly higher in chil-
dren who were in endoscopic remission (6.5 [4.2-9.5] pg/mL) com-
pared with those not in remission (3.2 [2.3-5.6] pg/mL, p = 0.001;
see Figure 1).

In order to empower these results, the exposure to IFX per patient
was calculated by means of the median of all IFX trough levels of
this patient before the endoscopy. These median IFX trough levels
were also significantly higher in children who were in endoscopic
remission (6.5 [4.2-9.5] ng/mL) compared with non-responders (4.3
[2.6-5.8] pg/mL, p = 0.001). The same results were found when ana-
lysing per diagnosis [CD versus UC] or per group when comparing
children who achieved endoscopic remission with those who did
not: 6.5 [3.8-9.6] pg/mL versus 3.7 [2.7-4.9] pg/mL [p = 0.012] in
CD patients and 6.2 [4.5-9.3] pg/mL versus 4.8 [2.5-7.1] pg/mL
[p = 0.037] in UC patients.

The ROC analysis was used to determine the IFX trough level
threshold that best discriminated endoscopic remission [Figure 2].
Area under the ROC curve for IFX trough level was 0.703 [95%
confidence interval: 0.59-0.82]. An optimal cut-off level for IFX
trough concentration was defined as > 5.4 pg/mL [based on Youden’s
J statistics] with a sensitivity of 66.0% and specificity of 75.0%,
resulting in a positive predictive value of 75.6% and a negative pre-
dictive value of 65.2%. The ROC analysis for the other investigated
outcomes can also be reviewed in Figure 2; however, these are less
discriminative.

3.3.3. Outcome at latest follow-up visit

With a median follow-up of 17 [8-36] months under IFX therapy,
39 out of 52 [75.0%)] patients were in clinical and 29 out of 40
[72.5%)] patients who underwent endoscopy were in endoscopic
remission at latest follow-up visit. Importantly, none of the included
patients were taking steroids at the latest visit. Only four patients
[7.7%] stopped IFX before January, 2018 [or alternatively the date
when the patient was transferred to the adult gastroenterology unit].
This was due to secondary LOR in one patient 8 months after start
of IFX, to the presence of ATIs in another patient after 2.5 years,
and adverse events in two patients [severe skin lesions and a delayed
infusion reaction, despite no measurable ATIs]. IFX withdrawal due
to LOR or adverse events are represented by a KaplanMeier curve
in Figure 3.

The quartile analysis of the median IFX trough levels per patient
showed that patients who were in remission at latest follow-up visit
were in the higher quartiles of IFX trough levels [Figure 4]. The
overall exposure to IFX [derived from the median of all IFX trough
levels of each individual patient before the latest endoscopy] was
significantly higher in patients who were in endoscopic remission
[p =0.001].

No significant difference was observed in disease severity at start
of TFX, based on clinical scores or CRP value, between patients
in clinical and endoscopic remission versus non-responders at lat-
est follow-up. The median dose of IFX [presented as a standard-
ised IFX doses with a 8-week intervals] that was administered over
the total follow-up period was not significantly different between
patients in clinical remission at latest follow-up visit (8.0 [6.2-10.0]
mg/kg/8 weeks) compared with non-responders (8.0 [6.7-14.7]
mg/kg/8 weeks, p = 0.143). However, patients in endoscopic remis-
sion at latest follow-up visit received even less IFX drugs over time
(6.7 [5.7-8.0] mg/kg/8 weeks) compared with non-responders (10.0
[8.0-16.0] mg/kg/8 weeks, p = 0.006).

3.4. Correlation between covariates, IFX trough

levels, and outcome

The potential covariates that could influence the IFX trough lev-
els were only evaluated at the first available IFX trough level per
patient in relation to the different covariates at that specific time

P =0.001

12,00

10,00

8,00

6,00

4,00

3,00

IFX TL trough level (ug/mL)

2,00

0,00

Endoscopic remission (n = 47)

No endoscopic remission (n = 40)

Infliximab efficacy based on endoscopic remission (n = 87)

Figure 1. Box-plot presentation of the relationship between infliximab [IFX] trough level [TL] and endoscopic outcome. Endoscopic data were available at 87
time points in 40 different patients where in 47 visits the patients were in endoscopic remission.
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Figure 2. The receiver operating characteristic [ROC] curve was used to determine the infliximab [IFX] trough level [TL] threshold that best discriminated
between different outcomes at any time point. Thresholds were calculated using the Youden's J statistic and the ‘closest top-left’ method. A [upper left]: the area
under the ROC curve [AUROC] to achieve clinical remission was 0.610 (95% confidence interval [Cl]: 0.563-0.656) with a p-value of < 0.001. An optimal cut-off
level for IFX trough concentration was defined as > 3.7 or 4.0 pg/mL, based on both methods respectively. B [upper right]: the AUROC to achieve biological
remission was 0.621 [95% Cl: 0.579-0.662] with a p-value of < 0.0001. An optimal cut-off level for IFX trough concentration was defined as > 3.8 or 4.0 ng/mL,
based on both methods respectively. C [lower left]: the AUROC to achieve combined biological and clinical remission was 0.604 [95% Cl: 0.558-0.650] with a
p-value of < 0.0001. An optimal cut-off level for IFX trough concentration was defined as > 3.7 or 4.2 ng/mL, based on both methods respectively. D [lower right]:
the AUROC for IFX trough level was 0.703 [95% CI: 0.59-0.82] with a p-value of 0.001. An optimal cut-off level for IFX trough concentration was defined as > 5.4
or 5.1 pg/mL, based on both methods respectively. Both thresholds have an acceptable sensitivity [66.0% and 68.1%, respectively] and specificity [75.0% and
72.5%, respectively], resulting in a positive predictive value of 75.6% or 74.4% and a negative predictive value of 65.2% or 65.9%, respectively.

1.0 %

0.8

0.6

0.4

0.2

Survival probability (%)

0.0

0 5000 10000 15000 20000 25000 30000 35000 40000
Duration on IFX therapy (days)

Figure 3. Kaplan—-Meier curve of the proportion of paediatric inflammatory
bowel disease [IBD] patients with infliximab [IFX] discontinuation due to
secondary loss of response or a serious adverse event.

point. Therefore, there was no influence of proactive therapeutic
drug monitoring and multiple samples per patient.

No difference was observed in IFX trough levels between CD
and UC patients [p = 0.985] or between male and female patients
[p = 0.226]. However, IFX trough levels correlated significantly with
weight [r, = 0.291, p = 0.036], height [r, = 0.280, p = 0.047], and
body surface area [BSA] [r, = 0.305, p = 0.030], but not with body
mass index [BMI] [r, = 0.233, p = 0.100]. In a subgroup of patients
with a weight below 34 kg, the IFX trough levels were significantly
lower in comparison with the higher weight class [p = 0.043; see
Supplementary Figure 1, available as Supplementary data at ECCO-
JCC online]. After correcting for age and sex, the IFX trough levels
did not correlate any longer with weight, height, or BMI [p = 0.157,
p = 0.137, and p = 0.327, respectively]. Younger patients did not
have significantly lower IFX trough levels [r = 0.244, p = 0.082].
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B No remission
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Quartile analysis of the overall median IFX trough level per patient (ug/mL)

Figure 4. Quartile analysis of the infliximab [IFX] efficacy endpoints divided according to four quartiles of the median IFX trough levels per patient [Q1-Q4]. The
overall exposure to IFX per patient was calculated by means of the median of all IFX trough levels of this patient before the latest follow-up visit [for clinical,
biological, and combined clinical and biological remission] or the latest endoscopy [for endoscopic remission]. IFX efficacy endpoints were based on latest
follow-up visit or latest endoscopy per patient. IFX trough levels [ng/mL] quartiles were as follows: Q1 < 4.4 pg/mL; 4.4 ng/mL < Q2 < 5.2 ug/mL; 5.2 pg/mL < Q3 <
6.7 pg/mL; Q4 > 6.7 pg/mL.The p-values derived from the Cochran-Armitage trend test analysis for the different IFX efficacy endpoints were 0.027, 0.003, 0.0001,
and 0.001, respectively, for clinical, biological, combined clinical + biological, and endoscopic remission.

Moreover, TFX trough levels correlated significantly with
biomarkers of inflammation as measured by CRP [r, = -0.505,
p = 0.001], ESR [r, = -0.460, p = 0.001], but not with albumin
[r, = 0.260, p = 0.066]. In addition, IFX trough levels correlated
significantly with haemoglobin [r_ = 0.323, p = 0.020], but not with
platelets [r, = -0.226, p = 0.107].

Finally, all these covariates were also associated with outcome.
Younger patients, those with a lower body weight, height, and BSA at
the time of evaluation, had a significantly lower likelihood of being
in clinical, biological, and endoscopic remission [Supplementary
Table 1, available as Supplementary data at ECCO-JCC online].
Similarly, patients with a lower albumin and haemoglobin and
higher platelets at time of evaluation had a significantly lower like-
lihood of being in clinical, biological, and endoscopic remission
[Supplementary Table 1].

Binary logistic regression identified IFX trough level (odds
ratio = 1.062 [95% CI: 1.003-1.125], p = 0.038 and odds
ratio = 1.212 [95% CI: 1.033-1.424], p = 0.019) and albumin
(odds ratio = 1.080 [95% CI: 1.017-1.147], p = 0.013 and odds
ratio = 1.418 [95% CI: 1.192-1.688], p < 0.0001) as independ-
ent predictors for clinical remission and endoscopic remission,
respectively. In addition, CRP was an independent predictor for
clinical remission only (odds ratio = 0.951 [95% CI: 0.915-0.988],
p = 0.010). Results of the binary regression analysis for all investi-
gated outcomes are shown in Table 2.

3.5. Relationship between IFXTLs and
immunomodulators

At start of maintenance therapy, 75.5% [n = 40] of children were
on concomitant immunosuppressants [thiopurine or methotrex-
ate]. At latest follow-up, only 15 children [28.8 %] were still taking
concomitant immunosuppressants. Reasons for withdrawal of these
medications included drug intolerance in eight patients [pancreatitis,
leukopenia, gastrointestinal intolerance, etc.] or reaching mucosal
healing [ = 20]. During the follow-up period, only three patients
needed to [re]start immunosuppressants due to flare. No differences
were found between median IFX trough levels in patients who were
on mono- versus combo-therapy at start of maintenance therapy

(4.9 [3.7-7.1] pg/mL versus 5.1 [3.2-7.6] pg/mL, p = 0.994) or
versus combo-therapy at the time of the visits (5.0 [3.4-7.2] pg/mL
versus 5.8 [3.0-8.4] pg/mL, p = 0.829). Furthermore, no significant
difference was found in outcome at a particular time point based on
clinical [p = 0.166, n = 167/262 versus n = 292/424] or endoscopic
[p =0.566,7n =16/32 versus n = 24/55] remission in patients with or
without immunosuppressants at that time point. However, a signifi-
cant benefit was seen for combination therapy when considering bio-
logical [p = 0.035, n = 140/242 versus n = 264/399] and combined
clinical and biological [p = 0.006, 7 = 111/262 versus n = 225/424]
remission.

4. Discussion

In this study, we examined drug exposure to IFX in children with
IBD and its correlation with hard outcomes as steroid-free clin-
ical, biological, and endoscopic remission. We demonstrate a strong
exposure-response effect in children receiving maintenance IFX. To
our knowledge, this study reports the largest cohort of serial IFX
trough levels measured in a paediatric IBD population and demon-
strates for the first time a clear association between IFX trough levels
and mucosal healing.

In adults, the relationship between IFX trough levels and clinical
response is well established.’*** However, in children, only limited
studies on this topic have been published.>"” Most of these studies
suffer from low sample size and inconsistency with regard to the
definition of remission. The novelty of this study is that we compre-
hensively looked at all different [prospectively collected] IFX efficacy
outcomes together, using well-defined definitions of remission. This
is in contrast to previous published studies where most of the time
only clinical remission was evaluated and, in a minority, biological
remission. Hoekman et al. reported a significant correlation between
IFX trough levels and biological response [CRP and faecal calpro-
tectin], although they could not show the same results for clinical
response.’ Ohem et al. only described the correlation of IFX trough
levels and biological remission [based on CRP, ESR, and faecal cal-
protectin], but did not investigate clinical remission.'* In the study
of Hamaldinen et al., there was an association with higher levels of
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Table 2. Results of the binary logistic regression analyses for all investigated outcomes.

Covariates Clinical remission Biological remission Clinical + biological remission Endoscopic remission
IFX trough OR: 1.062 [1.003-1.125] OR: 1.076 [1.012-1.144] OR: 1.104 [1.044-1.167] OR: 1.212 [1.033-1.424]
level [pg/mL] p =0.038 p=0.019 p < 0.0001 p=0.019
Albumin [g/L] OR: 1.080 [1.017-1.147] OR: 1.230 [1.156-1.308] OR: 1.169 [1.104-1.237] OR: 1.418 [1.192-1.688]

p=0.013 p < 0.0001 p < 0.0001 p < 0.0001
CRP [mg/L] OR: 0.951[0.915-0.988] NA NA NS

p=0.010
Haemoglobin [g/dL] NS OR: 1.229 [1.006-1.501]  OR: 1.209 [1.022-1.431] NS

p =0.044 p =0.027

All relevant data are presented as odds ratios [95% confidence interval] and p-value.
IFX, infliximab; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; OR, odds ratio; NA: not applicable [since CRP and ESR are embedded in the
definition of both biological and combined clinical + biological remission]; NS, not significant.

intestinal inflammation [as measured with faecal calprotectin] and
low IFX levels during induction, but not during maintenance treat-
ment with IFX.%7

Our results show that median IFX trough levels during mainten-
ance are significantly higher in children with clinical [5.4 pg/mL ver-
sus 4.1 pg/mL], biological [5.2 pg/mL versus 4.2 pg/mL], combined
clinical and biological [5.7 pg/mL versus 4.2 pg/mL], and endoscopic
remission [6.2 pg/mL versus 3.2 pg/mL] at any particular time point.
The correlation between IFX trough levels and endoscopic remission
was only reported in the randomised, controlled, phase 3 trial by
Adedokun et al.? In this study of 45 children with UC, higher serum
IFX levels during induction at Week 8 [> 41.1 mg/mL] were associ-
ated with greater proportions of patients achieving mucosal healing
[92.9%] than children with lower serum concentrations [< 18.1 mg/
mL, 53.9%]. IFX trough levels during maintenance therapy [at
Week 30] did not correlate with endoscopic remission, an observa-
tion which was explained by the authors due to the small sample size
[21 patients]. Therefore, our study convincingly demonstrates for the
first time in paediatric IBD patients that IFX trough levels correlate
significantly with endoscopic remission during maintenance therapy.
In the era where mucosal healing is the new gold standard, this is an
important observation.

Only limited data are available in the paediatric literature to
determine specific IFX cut-off trough levels for predicting remis-
sion, where different endpoints will, however, also result in altered
therapeutic windows.!>!* Singh ez al. showed that IFX trough levels
at Week 14, with respectively 3, 4, and 5 pg/mL cut-off levels, had
positive predictive values of 64%, 75%, and 83% and negative pre-
dictive values of 46%, 52%, and 53% for predicting a sustained
response.’> ROC analysis in the study of Ohem e al. revealed that
IFX trough levels with, respectively, 1.1, 2.1, and 3.5 pg/mL cut-off,
were associated with remission [defined as CRP < 5 mg/L, ESR <
20 mm/h, or faecal calprotectin < 100 pg/g] in a CD population.™*
Our study suggests that even higher cut-off values [> 5.4 pg/ml] are
necessary to reach mucosal healing. These results are more in line
with previously published adult literature.’**" Prospective studies
are now needed to assess the ideal IFX trough level cut-off for clin-
ical and/or endoscopic remission.

With a median follow-up of 1.4 years under IFX therapy, 39 out
of 52 [75.0%] patients were in clinical and 29 out of 40 [72.5%]
patients in endoscopic remission at latest follow up visit. Long-term
efficacy of IFX beyond 1 year is poorly investigated in paediatric
IBD.*+*> The most important data for clinical remission arise from
the randomised, controlled, phase 3 trial*»'? and two real-world
cohort studies from Scotland* and Italy.* These studies reported a
clinical remission rate at 1 year of IFX therapy of only 3856 %. Some

caution should be taken in comparing these results with our study.
First, these studies are older and IBD management has evolved,
including the use of TDM in case of LOR, which could alter the final
outcome.*** Data on mucosal healing are even scarcer in paediat-
ric IBD,** where in 22-36% endoscopic remission was found.***
Only Olbjern et al. reported a higher mucosal healing rate of 65%
in a small cohort of only 17 patients.*

The excellent outcome in our study at latest follow-up could pos-
sibly be explained by the use of routine proactive drug management
in our centre. We strongly believe that proactive TDM [at least in the
first year] can contribute to improved long-term outcome, especially
since remitters or non-responders cannot be distinguished based on
disease severity at start of IFX treatment. In addition, patients with
mucosal healing at latest endoscopy had a higher overall exposure to
IFX in comparison with non-responders. Therefore we believe that
our previous therapeutic window [3-7 pg/mL] should be reset to
higher values [> 5.4 pg/ml] in order to reach mucosal healing, where
proactive TDM can help us to achieve this goal. Although there is
evidence that TDM-based treat-to-target strategies can result in a
better outcome,***-5! the prospective study TAILORIX*? could not
show benefit of proactive TDM over dose intensification based on
symptoms alone. It will be even more important to investigate the
role of proactive TDM in children, in whom fluctuations in pharma-
cokinetic variables are more pronounced compared with adults, due
to physiological differences such as volume of distribution and the
immaturity of enzyme systems and clearance mechanisms. However,
the potential advantages and disadvantages [e.g. possible over-treat-
ment of patients in deep remission] of proactive TDM need to be
balanced in each patient individually.*>%*

Finally, we strongly feel that the short disease duration before
starting IFX could certainly have contributed to the excellent out-
come, since it has been shown that early treatment with anti-TNF is
superior to early immunosuppression.’>¢

As a final point, we showed associations between IFX trough lev-
els and biomarkers of inflammation and also, but less pronounced,
with haemoglobin and biometrics of patients (weight, height, and
BSA [all p < 0.05]), where patients with a weight below 34 kg were
especially at risk for lower IFX trough levels in comparison with
patients in higher weight categories. This can probably be explained
by the non-linear association between body weight and volume of
distribution in the peripheral compartment.’” This predicts a pos-
sible under-dosage of IFX in patients with lower weight. This is the
first study reporting the correlation of IFX trough levels with bio-
metrics of the patient beyond the body weight.!237:57-¢0

Immunogenicity rates were very low and only one child
[1.9%] had detectable ATI. Although these were measured with a
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drug-sensitive ELISA method, a possible explanation for this low
number could be the use of proactive drug monitoring thereby pre-
venting undetectable IFX trough levels and immunogenicity. The
high rate of patients on combination therapy with immunosuppres-
sants at start of maintenance therapy could also contribute to this
low number.®!-¢?

The strength of this study was the availability of > 600 serial
IFX drug levels in a very well-phenotyped cohort for all relevant
outcomes. To our knowledge, our sample size is the largest among all
paediatric studies conducted on this topic. We were able to evaluate
the effect of co-medication, biometric, and laboratory data on the
IFX trough levels. Since this study was performed as a single centre’s
experience, there was also a uniform management plan across all
patients. One of the limitations of the study was that the impact of
drug intensification on IFX trough levels was not investigated, as a
result of proactive drug monitoring and continuous dose adaptation
aiming to target a therapeutic window. Second, due to the retrospect-
ive design of the study, endoscopy was not standardly performed
in each patient and at the same time points. Finally, this was not a
randomised study to answer whether IFX intensification based on
clinical grounds would have led to similar outcome results in com-
parison with the TDM-guided group.

In conclusion, in this paediatric IBD cohort treated with IFX
maintenance, children with clinical and endoscopic remission had
significantly higher IFX trough levels. Our data support the value of
proactive drug management in children to improve long-term out-
come. This now needs to be investigated in prospective studies to
show the real benefit of proactive TDM over dose intensification
based on symptoms alone.
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