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Abstract
Background and Aims: Mucosal healing is an important treatment goal in Crohn’s disease. We
investigated the association between serum infliximab trough levels and mucosal healing, and the
infliximab cut-off levels required for mucosal healing in paediatric patients.
Methods: In this multicentre, retrospective, cross-sectional study, medical records and electronic
data of paediatric patients with luminal Crohn’s disease, who had received infliximab for ≥1 year,
were examined. Ileocolonoscopy was performed on the same day as the infliximab infusion, and
serum samples for trough levels were collected immediately before infusion. Mucosal healing was
defined as a Simple Endoscopic Score for Crohn’s Disease of 0. Univariate, multivariate logistic
regression, and receiver operating characteristic curve analyses were performed.
Results: Overall, 105 patients [median age 14.8 years] were included, with mucosal healing
observed in 48.6%. Median serum infliximab trough levels were higher in patients with mucosal
healing [4.5 µg/mL] than without [3.3 µg/mL, p = 0.002]. In the final multivariate model, infliximab
trough level ≥4.2 µg/mL [p = 0.002] and ≥1-year duration from diagnosis to infliximab treatment
[p = 0.003] were positively and negatively associated with mucosal healing, respectively. The
infliximab trough level for achieving mucosal healing with a specificity of 80% was ≥5 µg/mL.
Conclusions: Associations between serum infliximab trough concentrations and mucosal healing
were observed in paediatric patients. Identification of the infliximab trough level that positively
associates with mucosal healing in most paediatric patients with Crohn’s disease [≥5 µg/mL] may
guide treatment decisions to optimise therapeutic response in the era of treat-to-target.
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1. Introduction

2. Materials and Methods
2.1. Study design and participants
This was a multicentre, retrospective, cross-sectional study conducted
between March 2013 and June 2016 in the paediatric departments
of three tertiary medical centres in the Republic of Korea; Samsung
Medical Center, Samsung Changwon Hospital, and Kyungpook
National University Hospital. Eligible patients had paediatric-onset
luminal CD and were aged <18 years at both diagnosis and the time
of their first treatment with IFX. In addition, eligible patients had
received scheduled IFX for ≥1 year, after which time they underwent

2.2. Statistical analysis
For statistical comparison between groups, a Student’s t-test or Wilcoxon
rank sum test was used for continuous variables, and a chi square test
or Fisher’s exact test was used for categorical variables. Comparative
data for continuous variables are reported as median (interquartile
range [IQR]) or mean [standard deviation]. Pearson or Spearman correlations were used to investigate the correlation between continuous
variables. Univariate and multivariate logistic regression analyses were
performed to examine the association between MH and demographic,
clinical, and biological variables [including serum IFX trough levels].
Univariate logistic regression analysis was first conducted to investigate the crucial odds ratio [OR] for each factor. A multivariate logistic
regression analysis was then conducted using a stepwise selection procedure with a 5% significance level for a covariate to enter or remain in
the model. The results were expressed as adjusted ORs with 95% confidence intervals [CIs]. Receiver operating characteristic curve analysis
was performed to derive the best cut-off point for continuous variables
identified as statistically significant in the multivariate logistic regression
analysis. These statistically significant continuous variables were also
converted to dichotomous variables and then included in a final multivariate logistic regression model, alongside other dichotomous variables
that showed statistical significance in the original multivariate model.
Youden’s index analysis was used to assess the association of trough
IFX cut-off levels with MH. Data were considered statistically significantly different if p was <0.05. All analyses were conducted using SAS
software Version 9.4 [SAS Institute, Cary, NC, USA].
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Crohn’s disease [CD] is a chronic inflammatory bowel disease [IBD]
driven by interactions between genetic and environmental factors
and the immune system.1 Approximately 20–25% of CD manifests
during childhood or the adolescent period, and the incidence of disease in paediatric populations is continuing to rise.2 Paediatric CD
is typically more severe than adult CD,3 and young patients with
IBD may experience growth impairment due to decreased food
intake, malabsorption, higher metabolic demand, and other issues.2,4
Psychological disorders including depression and anxiety, as well
as impaired quality of life, are also more prevalent in paediatric
patients than in adults or children without the disease.2,5
A number of medical therapies are available to treat paediatric
CD including corticosteroids, exclusive enteral nutrition, aminosalicylates, immunomodulators, and anti-tumour necrosis factor
[anti-TNF] agents.6 Mucosal healing [MH] has been identified as
a treatment goal that is able to predict sustained corticosteroid-free
clinical remission, and is determined by resolution of endoscopically
visible ulcers.7 Achieving MH may modify the natural course of CD
and is associated with reduced hospitalisation and surgery rates, as
well as higher response and corticosteroid-free remission rates.8–11
Several trials in children have shown an improvement in MH
with anti-TNF therapy, with enhanced MH leading to improved
growth, bone formation, and disease outcome.6 Infliximab [IFX]
is an anti-TNF monoclonal antibody that may be considered for
first-line therapy in paediatric CD patients with high risk for poor
outcome, or for second-line therapy following failure of, or intolerance to, conventional therapies.6 However, 13–40% of patients with
CD do not respond to anti-TNF induction therapy, and a further
23–46% of patients require dose intensification due to secondary
loss of response [LOR] during maintenance treatment with anti-TNF
agents.12 The mechanisms underlying primary non-response and secondary LOR are multifactorial and include factors related to the
pharmacokinetics of anti-TNF agents. Such pharmacokinetic-related
causes of treatment failure may be overcome with dose intensification to increase drug levels to within the therapeutic range.12–15
Higher anti-TNF drug trough levels are generally associated with
positive clinical and endoscopic outcomes, including MH, in adult
patients with IBD.16–19 There is, however, a lack of data regarding the
association between anti-TNF drug trough levels and MH in paediatric patients with CD. Separate evaluation of the paediatric population is important due to differences in the pharmacokinetics and
pharmacodynamics of IFX in children compared with adults.20 The
primary aims of the current retrospective, cross-sectional study were
to investigate the association between MH and serum trough levels
of IFX in paediatric patients with luminal CD under maintenance
IFX treatment, and to identify the cut-off level required for MH. The
potential association of other clinical and demographic variables
with MH was also examined.

ileocolonoscopy on the same day as an IFX infusion, with the ileocolonoscopy being performed before the infusion. Patients were also
required to have data on serum IFX trough levels, obtained from
blood samples taken immediately before the IFX infusion. Patients
were excluded if they had a diagnosis of indeterminate-type IBD or
had received IFX for the treatment of refractory perianal fistulas. CD
was diagnosed according to the revised Porto criteria of the European
Society for Paediatric Gastroenterology, Hepatology and Nutrition.21
Disease phenotype was classified according to the Paris classification.22
The study was approved by the institutional review board of each centre, and was conducted in accordance with the Declaration of Helsinki.
Baseline demographic and clinical data at diagnosis, including sex,
age, disease phenotype, growth indicators, and family history of IBD,
were collected from electronic medical records. Data corresponding
to the point of ileocolonoscopy examination were collected retrospectively from electronic charts or electronic test results, including:
duration from diagnosis to initiation of IFX treatment, IFX treatment
duration, number of IFX infusions, dose intensification, concomitant
azathioprine [AZA] usage, corticosteroid usage, CD-related gastrointestinal [GI] tract surgery, Pediatric Crohn’s Disease Activity Index
[PCDAI] score, white blood cell count, haematocrit, platelet count,
serum albumin level, erythrocyte sedimentation rate [ESR], C-reactive
protein [CRP], 6-thioguanine nucleotide [6-TGN] level, IFX trough
level, presence of antibody to IFX [ATI], and Simple Endoscopic
Score for Crohn’s Disease [SES-CD]. Blood tests, except IFX trough
level and ATI, were conducted either the day before or on the same
day as ileocolonoscopy and IFX administration. Serum IFX trough
levels and ATI were quantified using enzyme-linked immunosorbent
assay kits [ELISA] [Matriks Biotek Laboratories, Ankara, Turkey].
Associations between IFX trough levels and MH, as well as other
outcomes such as clinical remission and biochemical remission, were
investigated. Clinical remission was defined as PCDAI <10, and biochemical remission was defined as a CRP <0.3 mg/dL. MH was
defined as an SES-CD of 0. Partial MH was defined as an SES-CD <3.
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3. Results
3.1. Baseline characteristics

characteristics, as well as data collected at the follow-up ileocolonoscopy examination, are summarised in Table 1.

3.2. Association between IFX trough levels and
outcomes including MH
Clinical remission was observed in 90.5% [95/105] of patients, and
biochemical remission was observed in 82.9% [87/105] of patients.
Serum IFX trough levels were significantly higher in patients with
clinical remission compared with those without clinical remission
[median 4.2 vs 1.2 µg/mL; IQR 3.0–5.4, 1.0–3.2, respectively;

Table 1. Baseline demographics/clinical characteristics and data collected at follow-up ileocolonoscopy.
n = 105
Demographics/clinical characteristics at baseline [diagnosis]
Male sex, n [%]
Median age [IQR], years
Lower GI tract involvement, n [%]
L1 [distal 1/3 ileum ± limited caecal disease]
L2 [colonic]
L3 [ileocolonic]
Upper GI tract involvement, n [%]
None
L4a [upper disease proximal to ligament of Treitz]
 L4b [upper disease distal to ligament of Treitz and proximal to distal 1/3 ileum]
L4a+b
Disease behaviour, n [%]
B1 [non-stricturing, non-penetrating]
B2 [stricturing]
B3 [penetrating]
Perianal modifiers, n [%]
Linear growth failure, n [%]
Family history of IBD, n [%]
Clinical findings and treatment history at follow-up ileocolonoscopy
Median disease duration [IQR], years
Median duration from diagnosis to IFX [IQR], years
IFX initiation within 1 year of diagnosis, n [%]
Median IFX treatment duration before follow-up ileocolonoscopy [IQR], years
Median number of IFX infusions before follow-up ileocolonoscopy [IQR]
Anti-TNF naïve, n [%]
Dose intensification during IFX treatment, n [%]
Concomitant AZA treatment, n [%]
Corticosteroid usage during IFX treatment, n [%]
Any lifelong CD-related GI surgery, n [%]
Median PCDAI score [IQR]
Median WBC [IQR], /µL
Median haematocrit [IQR], %
Mean platelet count ± SD, ×103/µL
Median albumin [IQR], g/dL
Median ESR [IQR], mm/h
Median CRP [IQR], mg/dL
Mean 6-TGN [SD], pmol/8 × 108 RBC
[n = 82]
Median IFX trough level [IQR], µg/mL
ATI-positive, n [%]
Median SES-CD [IQR]
Clinical remission,a n [%]
Biochemical remission,b n [%]
Mucosal healing,c n [%]

74 [70.5]
14.8 [13.0–16.0]
8 [7.6]
6 [5.7]
91 [86.7]
35 [33.3]
28 [26.7]
15 [14.3]
27 [25.7]
84 [80.0]
18 [17.1]
3 [2.9]
67 [63.8]
18 [17.1]
11 [10.5]
1.5 [1.3–2.5]
0.1 [0.1–0.8]
80 [76.1]
1.2 [1.2–1.4]
8.0 [8.0–9.0]
105 [100.0]
11 [10.5]
95 [90.5]
6 [5.7]
6 [5.7]
0 [0–5.0]
6010 [4390–7450]
41.7 [38.4–44.2]
258.7 ± 60.3
4.5 [4.3–4.7]
11 [4–18]
0.04 [0.03–0.13]
253.1 ± 101.4
3.89 [2.58–5.19]
8 [7.6%]
1 [0–4]
95 [90.5]
87 [82.9]
51 [48.6]

ATI, antibody to IFX; AZA, azathioprine; CD, Crohn’s disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GI, gastrointestinal; IBD, inflammatory bowel disease; IFX, infliximab; IQR, interquartile range; PCDAI, Paediatric Crohn’s Disease Activity Index; RBC, red blood cell; SD, standard deviation;
SES-CD, Simple Endoscopic Score for Crohn’s Disease; 6-TGN, 6-thioguanine nucleotides; TNF, tumour necrosis factor; WBC, white blood cell.
a
PCDAI <10.
b
CRP <0.3 mg/dL.
c
SES-CD = 0.
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This study included 105 patients [74 males, 31 females]. All patients
were anti-TNF naïve, as adalimumab was approved for paediatric
CD in Korea in May 2015. The median age of study patients at diagnosis was 14.8 years [IQR 13.0–16.0 years]. The median treatment
duration of IFX at follow-up ileocolonoscopy was 1.2 years [IQR
1.2–1.4 years]. Dose intensification of IFX had been conducted in 11
patients [10.5%], and 95 patients [90.5%] had been receiving concomitant AZA treatment. Other baseline demographics and clinical
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3.3. Relationship between IFX trough levels and
ATIs, concomitant azathioprine, and 6-TGN levels
ATI positivity was observed in 7.6% [8/105] of patients. Serum IFX
trough levels were significantly lower in patients who were ATI positive compared with those who were ATI negative [median 1.0 vs
4.2 µg/mL, respectively; p < 0.001] [Figure 1D].
Regarding concomitant AZA medication, there was no significant difference in IFX trough levels between those who had received
concomitant AZA and those who had not (median 4.0 [IQR 2.6–
5.3] vs 3.3 µg/mL [IQR 2.6–4.2], respectively; p = 0.259). The ATI
positivity rate also did not differ significantly between patients who
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C

p < 0.001
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10

1.2
No clinical
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No MH
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0

According to univariate analysis, B1 disease behaviour, duration
from diagnosis to IFX treatment, CRP level, and IFX trough level
were significantly associated with MH [Table 2]. When these factors were included in a multivariate logistic regression analysis with
stepwise selection, B1 disease behaviour, duration from diagnosis to
IFX treatment, and IFX trough level were significantly associated
with MH [OR: 3.524, 95% CI: 1.061–11.701, p = 0.04; OR: 0.529,
95% CI: 0.344–0.813, p = 0.004; OR: 1.479, 95% CI: 1.176–1.860,
p <0.001; respectively] [Table 2].
According to receiver operating characteristic curve analysis, the most accurate IFX trough level cut-off associated with
MH was 4.2 µg/mL (area under the curve [AUC]: 0.679, 95% CI:

B
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0

3.4. Factors associated with MH

MH
(n=51)

0

D

IFX TL (µg/mL)

IFX TL (µg/mL)

A

had or had not received concomitant AZA (7.4% [7/95] vs 10%
[1/10]; p = 1.000).
Of the 95 patients who were receiving concomitant AZA,
6-TGN levels were available for 81. These did not differ significantly
between those who were ATI-positive and those who were ATInegative (mean ± standard deviation: 295.6 ± 98.6 vs 249.1 ± 101.4
pmol/8 × 108 red blood cells [RBC]; p = 0.249). No significant correlation was observed between IFX trough levels and 6-TGN levels
[r = –0.06; p = 0.57]. Further, 6-TGN levels did not significantly differ
between patients with and without MH (252.9 ± 91.5 pmol/8 × 108
RBC [n = 42] vs 253.3 ± 112.3 pmol/8 × 108 RBC [n = 39];
p = 0.987], or between patients with and without biochemical remission [250.7 ± 103.5 pmol/8 × 108 RBC [n = 68] vs 265.8 ± 92.5
pmol/8 × 108 RBC [n = 13]; p = 0.625), or between patients with and
without clinical remission (246.5 ± 99.3 pmol/8 × 108 RBC [n = 74]
vs 322.8 ± 104.3 pmol/8 × 108 RBC [n = 7]; p = 0.057).

No biochemical
remission
(n=18)

Biochemical
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Figure 1. Comparison of infliximab trough levels according to [A] clinical remission, [B] biochemical remission, [C] mucosal healing, and [D] ATI positivity. Filled
circles are outliers. ATI, antibody to IFX; IFX, infliximab; MH, mucosal healing; TL, trough level.
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p <0.001], and in patients with biochemical remission compared
with those without biochemical remission [median 4.2 vs 2.3 µg/mL;
IQR 3.1–5.4, 1.4–3.9, respectively; p = 0.006] [Figure 1A, B].
Overall, MH—defined as an SES-CD of 0 at follow-up ileocolonoscopy—was observed in 48.6% [51/105] of patients. Median
serum IFX trough levels were significantly higher in patients with
MH compared with those without MH [median 4.5 vs 3.3 µg/mL;
IQR 3.3–6.1, 2.1–4.5, respectively; p = 0.002] [Figure 1C]. Partial
MH was observed in 60.0% [63/105] of patients. Median serum
IFX trough levels were also significantly higher in patients with partial MH compared with those without partial MH [median 4.5 vs
3.2 µg/mL; IQR 3.4–5.9, 1.7–4.0, respectively; p < 0.001].
In addition, rates of MH were higher in patients with higher
serum IFX trough levels [Figure 2A, B]. According to the quartile
analysis, MH rates increased with quartiles of IFX trough levels
[Figure 2A]. Likewise, 80% of patients achieved MH when IFX
trough levels were ≥8 µg/mL, compared with only 20% of patients
when these levels were <2 µg/mL [Figure 2B].
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Figure 2. Mucosal healing rates according to infliximab trough level: [A]
quartiles of trough levels, [B] 2-µg/mL increments; n = 105. IFX, infliximab;
MH, mucosal healing; TL, trough level.

0.576–0.782, sensitivity 64.7%, specificity 70.4%, positive predictive value [PPV] 67.3%, negative predictive value [NPV] 67.9%,
p < 0.001) [Figure 3D]. The most accurate duration from diagnosis
to IFX treatment for MH association was 1.0 year [AUC: 0.617,
95% CI: 0.508–0.726, p = 0.001].
In the final multivariate model, IFX trough level ≥4.2 µg/mL and
≥1-year duration from diagnosis to IFX treatment remained significantly associated with MH [in a positive and negative manner,
respectively] [Table 3].

3.5. Optimal IFX trough levels required for
achieving MH and other outcomes
According to receiver operating characteristic curve analysis, the
most accurate IFX trough level cut-off associated with clinical remission was 3.26 µg/mL [AUC: 0.902, 95% CI: 0.817–0.987, sensitivity 70.5%, specificity 100%, PPV 100%, NPV 73.3%, p <0.001],
and for biochemical remission was 2.52 µg/mL [AUC: 0.708, 95%
CI: 0.551–0.865, sensitivity 86.2%, specificity 55.5%, PPV 90.3%,
NPV 45.5%, p <0.001] [Figure 3A, B]. For partial MH, the most
accurate IFX trough level cut-off was 3.71 µg/mL [AUC: 0.733, 95%
CI: 0.633–0.833, sensitivity 69.8%, specificity 71.4%, PPV 78.6%,
NPV 61.2%, p <0.001] [Figure 3C].
According to the Youden’s index, the IFX trough level cut-offs
for achieving biochemical remission, partial MH, and MH with a

In this study, we retrospectively evaluated the relationship between
endoscopy findings, specifically MH, and various demographic, clinical, and treatment-related factors in paediatric patients with CD
who had been receiving IFX therapy for at least 1 year. We found
a significant association between serum IFX trough levels and MH,
and the most accurate trough level cut-off was calculated to be
4.2 µg/mL. We also calculated that to achieve MH in 80% of paediatric CD patients during IFX maintenance therapy, an IFX trough
level of ≥5.0 µg/mL would be required. Our study also revealed a
significant association between MH and duration from diagnosis to
IFX treatment.
Our findings provide evidence that therapeutic drug monitoring
[TDM] of IFX trough levels may prove a useful and simple tool for
increasing the rate of MH in paediatric patients. The association
between serum IFX trough concentrations and clinical efficacy in
adult patients with IBD has been the subject of a number of studies, in which efficacy was assessed in terms of symptoms and/or
endoscopic outcomes.17–19,23–32 Post-hoc analysis of the ACCENT
I study found that higher post-induction IFX trough levels, specifically ≥3.5 µg/mL, were associated with a durable sustained response
to maintenance IFX.24 Post-hoc analysis of data from the SONIC
trial identified statistically significant differences in median trough
levels in patients who achieved MH compared with those who did
not [3.51 vs 1.72 µg/mL; p = 0.018], and in patients who achieved
a combination of MH and clinical remission compared with those
who did not [3.51 vs 1.80 µg/mL; p = 0.053].23 Further analysis of
SONIC identified a significant association between trough IFX levels ≥3 µg/mL at Week 30 and MH at Week 26 [OR: 3.34, 95% CI:
1.53–7.28; p = 0.002].28 Recent studies based on real-life clinical
practice have also shown the association between IFX trough levels
and MH.18,31 In a recent study by Ungar et al., the authors proposed
a therapeutic window for MH in adult IBD patients as IFX trough
levels of 6–10 µg/mL, which was defined as the range of drug levels associated with MH rate of 80–90%.18 Another recent study by
Papamichael et al. showed that an IFX trough level of ≥9.7 µg/mL
was associated with MH in adult patients with CD [OR: 3.6, 95%
CI: 1.4–9; p = 0.006].31
Our study has confirmed that an association between IFX trough
levels and MH is present in paediatric patients with CD. However,
the cut-off levels in our study are lower than those reported in studies of adult patients. There is evidence that the pharmacokinetic
properties of IFX are comparable in paediatric and adult patients
with CD and that they are not influenced by age.33,34 The pharmacokinetics of IFX are highly variable between individuals and are
affected by factors such as the presence of ATIs, concomitant use of
immunomodulators, serum albumin levels, baseline CRP, body mass
index, and sex.35 Variations in these factors may be responsible for
the differences in trough levels observed, but the question remains
why MH occurred at a lower trough level in paediatric patients than
previously reported in adults. This discrepancy could be explained
by differences in disease factors that are related to therapeutic
response to IFX treatment, such as disease behaviour, previous
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MH rate (%)

80

specificity of ≥80%, were ≥4.9 µg/mL [sensitivity 32.2%, specificity
83.3%, PPV 90.3%, NPV 20.3%], ≥4.5 µg/mL [sensitivity 49.2%,
specificity 81.0%, PPV 79.5%, NPV 51.5%], and ≥5.0 µg/mL [sensitivity 37.3%, specificity 80.0%, PPV 63.3%, NPV 57.3%], respectively. Cut-off levels of IFX trough levels required to reach MH are
shown in Table 4.
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Table 2. Analyses of factors associated with mucosal healing.

Multivariate logistic regression with stepwise selection [n = 105]

OR

95% CI

p

Adjusted OR

95% CI

0.581
0.941
0.541
0.174
1.682
3.874
1.078
0.516
0.585

0.249–1.357
0.802–1.104
0.122–2.391
0.020–1.540
0.738–3.831
1.299–11.547
0.486–2.392
0.505–3.891
0.386–0.888

0.21
0.457
0.418
0.116
0.216
0.015
0.853
1.402
0.012

3.524

1.061–11.701

0.04

0.529

0.344–0.813

0.004

0.504
0.571

0.196–1.295
0.157–2.083

0.155
0.396

2.382
1.000
0.977
0.997
3.698
0.99
0.032
1.354
0.327

0.581–9.766
1.000–1.000
0.890–1.074
0.990–1.003
0.917–14.907
0.968–1.012
0.003–0.407
1.096–1.673
0.063–1.699

0.228
0.306
0.631
0.297
0.066
0.362
0.008
0.005
0.183

1.479

1.176–1.860

<0.001

p

ATI, antibody to IFX; AZA, azathioprine; CI, confidence interval; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GI, gastrointestinal; IFX, infliximab; OR, odds ratio; TI, terminal ileum; WBC, white blood cell.
a
Non-stricturing, non-penetrating.

anti-TNF use, and disease duration. Compared with the recent study
by Papamichael et al.,31 our study included a higher proportion of
patients with B1 behaviour [49% vs 80%] and a higher proportion
of patients who were anti-TNF naïve [93% vs 100%]; disease duration at investigation was also shorter in our study [median 8 years
vs 1.2 years]. As the annual risk for LOR to IFX is approximately
13% per patient-year,36 it is not surprising that a greater proportion
of patients in the study by Papamichael et al. required dose intensification compared with our study [43% vs 10.5%]. Interestingly, in
the study by Papamichael et al., dose intensification was negatively
associated with endoscopic remission. The authors suggest that this
was due to a high disease burden and rapid IFX clearance in patients
who received increased IFX doses. In our study, a negative trend
between dose intensification and MH was also observed, although
this was statistically insignificant [OR = 0.571, 95% CI = 0.157–
2.083; p = 0.396].
Another important factor that affects response to IFX is the time
from diagnosis to initiation of IFX treatment.10,23 Whereas this variable was not evaluated in the study by Papamichael et al., 76.1%
of patients in our study started IFX within 1 year of diagnosis.
Moreover, in the current study, the time from diagnosis to IFX treatment was an independent factor significantly associated with MH,
with patients initiating treatment ≥1 year after diagnosis less likely
to experience MH than those starting treated within 1 year. This
finding is consistent with the concept of a ‘therapeutic window of
opportunity’ in early CD, during which treatment is more effective
compared with later in the course of the disease.10,37–39 Thus, despite
similar specificity, lower IFX trough cut-off levels for MH may have
been observed in our study than in previous adult studies, because

our patient population possessed more favourable factors for treatment response to IFX, compared with the adult patients.
Although data on the relationship between trough IFX levels
and efficacy are less abundant for the paediatric population, results
from relevant studies have been reported, which are comparable to
those of the present study.14,20,40–43 Median IFX trough levels were
significantly higher in paediatric patients with IBD [CD or ulcerative colitis] on maintenance therapy who achieved clinical remission
[defined by the absence of symptoms in the first year after initiation
of IFX therapy] than in patients who did not achieve clinical remission [3.99 µg/mL vs 0.88 µg/mL; p = 0.002].40 Similarly, in paediatric IBD patients who were in remission or continuing with IFX
therapy [median follow-up of 3.9 years after first IFX infusion], the
median IFX trough level was 3.7 µg/mL, compared with a trough
level of 1.2 µg/mL in those who had failed IFX therapy due to lack
of efficacy or to adverse events [p = 0.005].14 In a separate study,
mean trough IFX levels [assessed at several different visits] were
significantly higher when patients were in clinical remission than
when they had active disease [7.2 µg/mL vs 4.5 µg/mL; p <0.05].20 In
another recent study, IFX trough levels >9.2 μg/mL at Week 2 were
capable of predicting clinical remission at Week 14 [AUC: 0.73, sensitivity 71.4%, specificity 81.2%; p = 0.02], and IFX trough levels
>2.2 μg/mL at Week 6 were capable of predicting IFX durability
beyond 1 year of treatment [AUC: 0.974, sensitivity 88.9%, specificity 100.0%; p <0.0001].42
In the current study, we identified an IFX trough level of 5.0 µg/
mL as the minimum that should be attained in order that 80% of
paediatric CD patients would achieve MH. To our knowledge, no
other studies have calculated a cut-off value for IFX trough levels
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Sex [male vs female]
Age at diagnosis, years
Any colonic involvement [yes vs no]
Any TI involvement [yes vs no]
Upper GI tract involvement [yes vs no]
B1 disease behavioura [yes vs no]
Perianal modifiers [yes vs no]
Linear growth failure [yes vs no]
Duration from diagnosis to IFX treatment,
years
Duration of IFX treatment, years
Dose intensification during IFX treatment
[yes vs no]
Concomitant AZA treatment [yes vs no]
WBC, /µL
Haematocrit, %
Platelet count, /µL
Albumin, g/dL
ESR, mm/hr
CRP, mg/dL
IFX trough level, µg/mL
ATI [yes vs no]

Univariate logistic regression [n = 105]
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95% CI = 0.817–0.987
p < 0.001
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0.50
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p < 0.001

0.25

C

D
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0.00

0.50

1 – Specificity

1 – Specificity

0.50
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95% CI = 0.633–0.833
p < 0.001
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p < 0.001
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Figure 3. Receiver operating characteristic curve showing the association between infliximab trough level and [A] clinical remission, [B] biochemical remission,
[C] partial mucosal healing [SES-CD <3], and [D] mucosal healing [SES-CD = 0]; n = 105; AUC, area under curve; CI, confidence interval; SES-CD, Simple
Endoscopic Score for Crohn’s Disease.

Table 3. Final multivariate model of factors associated with
mucosal healing.

B1 disease behavioura
Duration from diagnosis to IFX
treatment ≥1 year
IFX trough level ≥4.2 µg/mL

OR

95% CI

3.312
0.149

0.973–11.273
1.641–31.571

0.055
0.003

3.999

1.608–8.185

0.002

p

n = 105 for all analyses.
CI, confidence interval; IFX, infliximab; OR, odds ratio.
a
Non-stricturing, non-penetrating.

in paediatric CD patients based on an endoscopic outcome such as
MH. In a previous study, trough IFX level cut-offs of >3, >5, and
>7 µg/mL at Week 14 were associated with PPVs of 64%, 76%, and
100%, respectively, in terms of predicting persistent clinical remission at Week 54.41 Another recent study that used a cut-off level of
3.5 µg/mL, chosen by agreement between study physicians, showed
that TDM of IFX trough levels could inform clinical decision making within the paediatric IBD population.44 Likewise, the use of
reactive TDM in paediatric patients with IBD is increasing in clinical
practice, to overcome loss of response and to improve outcomes.45
Our results provide additional evidence that, similar to adults, a cutoff level higher than that needed to achieve clinical remission should
be used to reach MH in children receiving IFX, and may further

Table 4. Cut-off levels of IFX trough levels required to reach
mucosal healing.
IFX TL
cut-off level,
µg/mL

Sensitivity,
%

Specificity,
%

PPV,
%

NPV,
%

≥3
≥3.5
≥4.5
≥5
≥5.3
≥6
≥8.5

80
71
49
37
35
27
8

39
57
74
80
85
91
98

55
61
64
63
69
74
80

68
64
61
57
58
57
53

n = 105 for all analyses.
IFX, infliximab; NPV, negative predictive value; PPV, positive predictive
value; TL, trough level.

serve as fundamental data for future proactive TDM regimens in
children with CD.
Regardless of the effect on MH, combination treatment with
AZA during IFX treatment is well-known to be positively associated with IFX trough levels and negatively associated with ATIs.46,47
Furthermore, a recent study has shown that 6-TGN levels correlate with IFX trough levels in patients with IBD on combination
therapy.48 However, we were unable to observe these findings in
our study. One explanation for the discrepancy between the results
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