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Clinical Use of Measuring Trough Levels and Antibodies against Infliximab
in Patients with Pediatric Inflammatory Bowel Disease
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Background/Aims: The clinical use of measuring infliximab
(IFX) trough levels (TLs) and antibodies against IFX (ATIs) in
patients with pediatric inflammatory bowel disease (IBD)
remains unclear. We propose measuring these variables to
create individual IFX treatment strategies for patients with
pediatric IBD. Methods: This retrospective study was conducted in pediatric patients with IBD who received IFX from
July 2009 to June 2014. Results: Samples were available
from 39 patients with pediatric IBD. A significant difference
was observed in IFX TLs in 16 patients who were in clinical
remission (group A) after IFX therapy (median, 3.99 μg/mL;
interquartile range [IQR], 0.30 to 21.96) compared to 23
patients who had a poor response to treatment (group B)
(median, 0.88 μg/mL; IQR, 0.00 to 6.80, p=0.002). In group
B, 21 patients underwent empiric intensification of IFX treatment. After dose intensification, 17 patients had an improved
response to treatment. Four patients still had no response
to dose intensification. Therefore, these patients were
switched to other biologics. Conclusions: Patients who had
poor responses and subtherapeutic IFX TLs had an improved
response to dose intensification. Patients who had ATIs were
likely to continue to have no response after dose intensification. Therefore, tailoring individual IFX treatments based on
IFX TLs, ATIs, and the clinical response should be considered.
(Gut Liver, Published online September 9, 2016)
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INTRODUCTION
Inflammatory bowel disease (IBD) is currently recognized as

one of the most important chronic inflammatory diseases; it affects children and adolescents, and it is characterized by relapsing and remitting episodes. IBD includes Crohn’s disease (CD),
ulcerative colitis (UC), and inflammatory bowel disease unclassified. Treatment has changed over the past few years, reflecting
the development of new agents that can target specific locations
in the gastrointestinal tract and specific cytokines.1 Infliximab
(IFX), a chimeric monoclonal antibody to tumor necrosis factor α (TNF-α), is effective in patients who have an inadequate
response to conventional therapy and in patients who have fistulizing CD.2 It is current clinical practice to administer IFX via
an intravenous (IV) infusion of 5 mg/kg at 0 week, 2 weeks, and
6 weeks, followed by maintenance IV infusions every 8 weeks.3
Among patients who initially respond to the induction regimen
of IFX, the annual risk for loss of response to IFX therapy is
13% per patient/year.4 The mechanisms for the loss of response
to IFX are still unclear, and several hypotheses have been proposed, including the presence of antibodies to infliximab (ATIs),
a high inflammatory burden of the disease that may consume
the drug, or the development of an alternative pathway of inflammation.5-7 Empirical management with combination therapy
with an immunomodulator, IFX dose escalation, or switching
from IFX to another anti-TNF-α drug, mainly adalimumab,
is common in clinical practice.8 Low serum infliximab trough
levels (IFX TLs) have been related to a poor clinical response
in IBD.9-11 It is important to maintain optimal therapeutic IFX
concentrations to sustain the response and achieve good clinical
outcomes. Measuring serum IFX TLs and ATIs may predict the
course of IFX treatment in individual patients and optimize the
dose intensity.
However, the clinical use of measuring IFX TLs and ATIs in
regard to the therapeutic decisions for patients with pediatric
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IBD remains unclear. We propose an individual therapeutic
strategy for IFX therapy in patients with pediatric IBD by measuring serum IFX TLs and ATIs.

MATERIALS AND METHODS
1. Patients and the study design
A retrospective analysis was conducted in pediatric patients
(aged less than 19 years at diagnosis) with moderate to severe
IBD who had received IFX from July 2009 to June 2014 at the
Samsung Medical Center. We measured serum IFX TLs and ATIs
in patients in whom available blood samples were collected
during maintenance treatment and after dose intensification.
Exclusion criteria were patients who refused to enter the study,
those with indeterminate colitis, patients without any available collected blood samples, those with a follow-up less than 6
months, and primary nonresponders. We analyzed their clinical
and laboratory responses according to subsequent management.
First, the relationship between serum IFX TLs and the clinical outcomes was evaluated. Enrolled patients were divided
into two groups according to their clinical response. Group A
included patients who achieved clinical remission with conventional IFX therapy, and group B included patients with a
poor response to IFX therapy. All patients were treated with
IFX via an IV infusion of 5 mg/kg at 0 week, 2 weeks, and 6
weeks, followed by maintenance IV infusions every 8 weeks for
more than 1 year. Patients were naïve to previous TNF-blocking
therapy. We measured IFX TLs and ATIs by using blood samples
that had been collected just before the infusion of IFX during
maintenance treatment within a year from starting IFX, and we
compared patients’ clinical and laboratory data by using their

medical records.
Second, we evaluated the change in serum IFX TLs after dose
intensification and the correlation between IFX TLs and the
clinical response. Patients who lost their response to conventional IFX treatment underwent a dose intensification of IFX.
Adjustments of the infusion interval to 4 or 6 weeks and/or an
increment in the dose of 10 mg/kg IFX were performed at the
discretion of the treating physician (Fig. 1). The treating physician was blinded to the results of IFX TLs and ATIs. We also
divided patients into those who regained the response and those
with a poor response after dose intensification. According to
subsequent management, IFX TLs of patients who regained the
response after an intensified dose infusion were compared to
those of patients with a poor response.
2. Definitions
Clinical remission was defined as a symptom-free state
throughout the 1-year follow-up period. A Pediatric Crohn’s
Disease Activity Index score12 or Pediatric Ulcerative Colitis
Activity Index score13 <10 was used to define remission. Maintenance treatment was defined as at least one 8-week interval
infusion of IFX after the induction course prior to any dose
intensification. Dose intensification was defined as either an
increase in the IFX dose, a decrease in the interval, or both. A
regained response to the intensification dose was defined as
an improvement in symptoms at the first clinic visit after dose
intensification of IFX per the treating physician’s judgment,
coupled with a decision to continue the intensified dose regimen
without adjustments. A poor response after dose intensification
was defined by the absence of improvement in disease symptoms.

Standard IFX Tx

Poor response

Good response

Maintenance interval shortening to 6 weeks

Switch to adalimumab

Poor response

Good response

Maintenance interval shortening to 4 weeks

Poor response

Good response

Maintenance dose intensification to 10 mg/kg

Good response

Poor response
Switch to adalimumab

Switch to adalimumab

Fig. 1. The blind escalation treatment protocol of the Samsung Medical Center.
IFX Tx, infliximab treatment.
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3. Serum testing
Serum samples were collected just before each IFX infusion from patients treated with IFX therapy and then stored at
-20oC. Serum IFX TLs and ATIs were determined in duplicate by
enzyme-linked immunosorbent assay (ELISA) in a blinded fashion with Q-INFLIXI ELISA quantitative analyses (Matriks Biotek,
Ankara, Turkey) and Q-ATI ELISA quantitative analyses (Matriks
Biotek).
4. Statistical analysis
Descriptive statistics are presented as medians and interquartile ranges (IQRs). Fisher exact test and the chi-square test were
used to compare variables between the groups, and the p-value
for statistical significance was defined as p<0.05. Effects of the
IFX dose intensification (from 5 to 10 mg/kg) and shortening
the administration interval for serum IFX TLs were analyzed by
Wilcoxon rank sum test. Statistical analysis was performed by
using SAS version 9.4, statistical package for Microsoft Windows (SAS Institute Inc., Cary, NC, USA).

RESULTS
1. Serum IFX TLs and ATIs between patients with clinical
remission and those with a poor response
During the study period, we obtained 99 IFX TLs measurements from 39 patients (10 with UC, 29 with CD). One to eight
samples were available per patient (median, two samples). We
could measure IFX TLs and the presence of ATIs (Fig. 2). This
study included 26 men (67%) and 13 women (33%). All patients
were treated with azathioprine (0.5 to 1 mg/kg/day) and mesalazine (50 mg/kg/day) concomitantly with IFX. Sixteen patients
(three with UC and 13 with CD) were in clinical remission (group
A), and 23 (seven with UC and 16 with CD) had a poor response
(group B) to conventional IFX treatment. The demographics and
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disease characteristics of patients were similar between the two
groups (Table 1), and there were no differences in terms of sex,
age, and the disease duration. In groups A and B, the serum IFX
TLs were performed once per patient during maintenance treatment within a year after starting IFX. There was a significant
difference in IFX TLs in patients with clinical remission (group
A) (median, 3.99 μg/mL; IQR, 0.30 to 21.96) after IFX treatment
compared with patients who had a poor response (group B)
(median, 0.88 μg/mL; IQR, 0.00 to 6.80, p=0.002) (Fig. 3). Serum
IFX TLs correlated with the clinical outcomes. Correlation coefficients between IFX TLs and the erythrocyte sedimentation rate,
C-reactive protein, and albumin were -0.10 (p=0.670), -0.07
(p=0.775), and 0.35 (p=0.124), respectively; none were statistically significant. Seven patients had ATIs in group B, whereas
no patient had ATIs in group A.
2. Serum IFX TLs and ATIs after dose intensification in
patients with a poor response
In group B, 21 patients (seven with UC and 14 with CD) empirically underwent an intensification dose of IFX treatment,
and two with CD needed to be switched to adalimumab because
of adverse reactions to IFX. Two patients in whom the serum
IFX TLs were 0 μg/mL and the ATIs were positive needed to be
switched to adalimumab. The duration from IFX initiation to
the loss of a response was 18 to 48 weeks (median, 30 weeks).
The median time from baseline to the dose intensification
was 16 months. The median time from dose intensification to
measuring serum IFX TLs was 3 months. After dose intensification, the serum IFX TLs were measured retrospectively in
81 samples of 21 patients (median, three samples per patient).
Seventeen patients (17/21, 80.9%) regained the response, and
their IFX TLs were increased (median, 7.76 μg/mL; IQR, 1.96 to
20.00) (Figs. 4 and 5). One of them who had ATIs regained the
response, and then his ATIs disappeared. Four patients still had
no response to dose intensification; their IFX TLs (0.0 μg/mL)

39 Total

23 Poor response

16 Good response

21 Maintenance interval shortening to 4-6 weeks
or/and
Maintenance dose intensification to 10 mg/kg

17 Good response

2 Switch to adalimumab

4 Poor response

4 Switch to adalimumab

Fig. 2. Enrollment and treatment
of patients by group based on the
algorithm presented in Fig. 1.
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Table 1. Baseline Characteristics at Baseline Infliximab (n=39)
Characteristic

Group A (n=16)

Group B (n=23)

p-value

Male sex

12 (75)

14 (61)

0.4946

Crohn’s disease

13 (81)

16 (70)

0.4798

Location of disease
Lower GI location

0.6322

L1

0

0

L2

3 (23)

2 (12.5)

L3

10 (77)

14 (87.5)

Upper GI location

0.7194

No involvement

9 (69)

L4a

3 (23)

2 (12.5)

L4b

1 (8)

2 (12.5)

L4a+b

0

0

Perianal fistulas
PCDAI at IFX
Ulcerative colitis

12 (75)

10 (77)

14 (87.5)

32.5 (17.5–55.0)
3 (19)

31.3 (12.5–60.0)
7 (30)

Location of disease

0.8259
0.4798
1.0000

E3

0

2 (29)

E4

3 (100)

5 (71)

PUCAI at IFX

0.6322

50 (35–65)

NA

Age at diagnosis, yr

14.5 (10.0–17.4)

14.0 (7.4–18.5)

0.3376

Age at IFX, yr

14.7 (13.3–17.5)

14.8 (9.0–18.8)

0.7123

3 (0.5–48)

8 (0.2–37)

0.4669

Duration from diagnosis to IFX infusion, mo

65 (55–70)

Concomitant IMM at start IFX

16 (100)

23 (100)

NA

Concomitant mesalazine at start IFX

16 (100)

23 (100)

NA

13 (57)

0.0994

Corticosteroid use prior to IFX

4 (25)

Hematocrit, %

37.0 (28.3–44.3)

33.8 (26.0–44.2)

0.1058

Albumin, g/dL

4.0 (2.8–4.6)

3.7 (2.3–4.5)

0.3295

ESR, mm/hr

50 (6–106)

54 (21–99)

0.5522

C-reactive protein, mg/dL

1.14 (0.04–7.51)

0.76 (0.05–7.12)

0.9209

Data are presented as number (%) or median (interquartile range).
L1, distal 1/3 ileum±limited cecal disease; L2, colonic disease; L3, ileocolonic disease; L4a, upper disease proximal to the ligament of Treitz; L4b,
upper disease distal to the ligament of Treitz and proximal to the distal 1/3 ileum; L4a+b, upper disease involvement in both L4a and L4b; E3, extensive (hepatic flexure distally); E4, pancolitis (proximal to the hepatic flexure).
IFX, infliximab; GI, gastrointestinal; PCDAI, pediatric Crohn’s disease activity index; PUCAI, pediatric ulcerative colitis activity index; NA, not
available; IMM, immunomodulator; ESR, erythrocyte sedimentation rate.

were not increased after dose intensification, and all of them
had ATIs. They had not regained the response after we repeatedly attempted to decrease the interval and increase the dose.
Thus, they needed to be switched to another anti-TNF agent, i.e.,
adalimumab.

DISCUSSION
This is the first study to investigate IFX TLs and ATIs in pediatric patients with IBD in Korea. In long-term follow-up and
clinical trial studies, many patients who initially achieved remission with IFX subsequently experienced a reduced response

over time.4 In the a Crohn’s disease clinical trial evaluating
infliximab in a new long-term treatment regimen I study, an increase in IFX to 10 mg/kg in patients with luminal CD restored
the response in 90% of patients who lost the response after
receiving 5 mg/kg of IFX.14 In pediatric CD, almost every other
primary responder will require a dose escalation within the first
year of therapy.15-17 In pediatric patients, the pharmacokinetics of IFX have been associated with weight instead of age.18
Therefore, the drug dose needs to be adjusted according to the
patient’s individual characteristics.
Maser et al .10 evaluated the link between IFX TLs and the
clinical outcome in a consecutive cohort of patients with CD
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25

15

15
p=0.002

IFX TL (g/mL)

IFX TL (g/mL)

20

10
5

10

0
Group A (n=16)

Group B (n=23)

5

Fig. 3. Comparison of infliximab trough levels (IFX TLs) during
maintenance IFX therapy in patients with complete remission (group
A) and in patients with a poor treatment response (group B) (p=0.002).
0
Before DI
20

After DI

Fig. 5. The change in infliximab trough levels (IFX TLs) for each patient who had a good treatment response to dose intensification (DI).

IFX TL (g/mL)

15

10

p=0.007

5

0
Good response (n=17)
Poor response (n=4)
Response after dose intensifiation

Fig. 4. Comparison of infliximab trough levels (IFX TLs) after dose
intensification based on the clinical response (p=0.007).

(n=82) treated with scheduled IFX. The rate of clinical remission was significantly higher in patients with detectable IFX TLs
compared to those with undetectable IFX TLs (82% vs 6%). This
association was also observed in UC, as Seow et al .11 found that
detectable IFX TLs were associated with higher rates of remission (69% vs 15%) in a cohort of 115 patients. In our study, the
serum IFX TLs of patients with clinical remission were higher
than those in patients with a poor response. The results were
statistically significantly different between the two groups. Thus,
it is important to measure IFX TLs before every infusion and
maintain therapeutic IFX TLs to achieve clinical remission.
Rutgeerts et al .19 showed that restoration of the response in
patients with CD after loss of the response and subsequent dose
intensifications was associated with an increase in IFX TLs
compared with patients in which the dose intensification was
unsuccessful. In our study, 17 patients regained the response
after dose intensification, and their IFX TLs increased dramatically. Patients who had a loss of response can regain a clinical
response by dose intensification of IFX. However, the IFX TLs

of patients who had a poor response were still low and all of
them had ATIs. Thus, they needed to be switched to another
biologic. The presence of ATIs is associated with a significantly
higher risk of loss of clinical response to IFX and lower serum
IFX levels in patients with IBD.20 The rate of developing ATIs in
our study was similar to that reported for adult patients. In our
study, one patient’s ATIs became undetectable after IFX dose
intensification. They were transient ATIs.21 Transient ATIs can
disappear after dose intensification, and the patient can regain a
clinical response.
Based on the algorithm proposed by Afif et al .,22 patients
with IFX TLs within the therapeutic range (<1.4 μg/mL) and
no detectable ATIs should undergo intensification of IFX treatment, whereas patients with IFX TLs within the therapeutic
range (>1.4 μg/mL) and with active disease should be switched
to a non-anti-TNF agent.23 According to the same proposed algorithm, switching to another anti-TNF agent is recommended
as the best therapeutic option in patients who develop ATIs. In
Denmark, Steenholdt et al .24 concluded that individualized IFX
therapy, based on drug levels, was more cost-effective than empirical dose intensification in patients who lost the response to
IFX. Measuring IFX TLs and ATIs by using an ELISA assay, and
appropriate adjustments to the treatment regimen according
to the response have been used in medical practice to optimize
clinical outcomes.22 A number of cohort studies have reported
that these escalation strategies can help regain the response in
up to 80% of patients who have lost the response.22 Our results
showed that an individual IFX treatment strategy is effective in
pediatric patients who have lost the response despite using conventional therapy. Our pediatric patients who received a dose
escalation or shortened interval treatment had no complications
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Nonresponder
Measurement of IFX TL & ATI

Therapeutic IFX TL
ATI ( )

Non
inflammation
cause?

Yes
Continue
IFX TL

No
Swich to
other
biologics

Subtherapeutic IFX TL
ATI (+)

Subtherapeutic IFX TL
ATI ( )

Dose escalation
Reduce infusion interval
Increase dosage

Subtherapeutic IFX TL
ATI (+)

Serial monitoring of
IFX TL & ATI

Switch to another
TNF- inhibitor

during the follow-up period. Thus, individual IFX treatment can
be performed safely in pediatric patients.
Limitations of the study were the relatively small sample size
and lack of data on the efficacy of the long-term follow-up.
We only assessed the response to intensification of IFX therapy
over a short period. Additionally, our data were obtained from
patients whose blood samples were available under the blind
escalation protocol before 2014. Since 2014, we have been
conducting a prospective study with our new protocol (Fig. 6).
Prospective follow-up studies with larger patient data sets are
needed to determine cutoff trough levels for IFX that are associated with a clinical response in pediatric patients with IBD.
When patients have a poor response to IFX therapy, physicians should measure serum IFX TLs and the presence of ATIs.
Patients who have poor responses and subtherapeutic IFX TLs
can regain the response after dose intensification. Patients who
have ATIs are likely to have no response after dose intensification; however, in our study one patient regained the response
after dose intensification and his ATIs disappeared. Thus, ATIs
can be transient. Therefore, an individual IFX treatment according to the results of IFX TLs, ATIs, and the clinical response
should be considered.

Fig. 6. New protocol of the Samsung
Medical Center for treating nonres
ponders.
IFX TL, infliximab trough level;
ATI, antibody to infliximab; IFX Tx,
infliximab treatment; TNF-α, tumor
necrosis factor α.
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