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Abstract

Background—Adult studies suggest antibodies to infliximab (ATI) correlate with loss of 

response in inflammatory bowel disease but pediatric data are limited.

Methods—We conducted a cross-sectional study of trough infliximab levels and ATI in 134 

pediatric and young adult patients receiving infliximab. At the time serum was obtained 

demographics, disease phenotype, duration of infliximab therapy, use of combination therapy 

(methotrexate or 6-mercaptopurine with infliximab), and surgery were recorded.

Results—Assays were performed on 134 subjects currently receiving infliximab (85 male; mean 

age, 17.3 ± 4.3 years; 114 Crohn’s disease and 20 ulcerative colitis). Infliximab use ranged from 

12 days to 12 years: median 2.0 (interquartile range [1.1–4.3]) years. Twenty-seven of 134 (20%) 

patients had ATI ≥5 U/mL. Of patients with ATI ≥5 U/mL, 59% had infliximab levels <5 μg/mL, 

compared with 14% of patients with ATI <5 U/mL (P < 0.001). Ten (7%) patients (9 Crohn’s 

disease, 1 ulcerative colitis) underwent bowel resections after beginning infliximab infusions. 

Sixty percent who underwent surgery had ATI ≥12 U/mL; in contrast, only 8% of patients who did 

not undergo surgery had ATI ≥12 U/mL (P = 0.01). At the time of serum sampling, 50 (37%) 

patients were receiving combination therapy, compared with 84 (63%) on infliximab alone. 

Combination therapy at the time of serum sampling did not correlate with either increase 

infliximab levels or lower ATI compared with infliximab monotherapy. However, prior 

immunomodulator use was associated with lower antibody levels (P = 0.007).

Conclusions—ATI correlates with reduction in infliximab level and a higher risk of surgery in 

patients with inflammatory bowel disease.
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Infliximab (Remicade, Janssen Pharmaceuticals, Inc., Titusville, NJ) is a chimeric 

monoclonal antibody to tumor necrosis factor alpha. Infliximab treatment has revolutionized 

therapy of inflammatory bowel disease (IBD) by inducing and maintaining clinical 

remission, reducing corticosteroid use, and lowering rates of both hospitalization and 

surgery in patients with Crohn’s disease (CD) and ulcerative colitis (UC).1–3 Unfortunately, 

25% to 40% of patients who initially benefit from infliximab treatment develop adverse 

reactions or loss of response over time.2,4,5 Loss of response has been correlated with both 

the formation of anti-infliximab antibodies5,6 and low serum infliximab levels (IFXL).7,8 

These data are from adult studies and do not include pediatric subjects who may have 

different pharmacodynamics and are an understudied group. Furthermore, much of these 

data were generated using the prior solid phase assay where the presence of circulating drug 

could mask the presence of anti-infliximab antibodies decreasing the assay’s sensitivity9 and 

leads to uninterpretable results.6,10 The newer homogenous mobility shift assay (HMSA) 

(Prometheus Laboratories Inc., San Diego, CA), a liquid-phase assay capable of measuring 

anti-infliximab antibodies (ATI) independently of the circulating drug, has been developed 

and clinically validated in adults.11–14 This assay allows for more accurate assessment of the 

importance of ATI and IFXL.

The potential benefit from combining infliximab with a second immunosuppressive agent 

remains an area of controversy. In 2008, Van Assche et al performed a randomized 

controlled trial in which adult patients with CD were assigned to either withdrawal of 

immunomodulators (thiopurines or methotrexate) after 6 months of combination therapy or 

continuation of combination therapy with immunomodulators and infliximab. Although the 

clinical remission rates after 2 years were comparable, combination therapy was associated 

with a higher median infliximab trough level and a lower C-reactive protein (CRP).15 In 

2006, a pediatric study, a randomized, multicenter, open-label study to evaluate the safety 

and efficacy of infliximab in moderate-to-severe CD (REACH) more than 95% of patients 

were on concomitant immunomodulators at enrollment, the response rate was 88% at week 

10 and ATI prevalence was 2.5%.10 In contrast, in an adult study (ACCENT), only 27% of 

patients were treated with immunomodulators and 10% of patients developed ATI during the 

study.6 Notably, the majority of subjects in REACH (77.1%) and 46% of subjects in 

ACCENT had inconclusive results for ATI due to the detection of infliximab in the serum, 

which would interfere with interpretation of the previous assay.

In 2009, Oussalah et al16 performed an observational study of azathioprine–infliximab 

combination therapy among patients with CD (16 [33%], younger than 16 years), which 

showed an association between the discontinuation of azathioprine and a higher loss of 

response (inflammation and disease flares) and lower infliximab trough levels. Finally, the 

SONIC trial (Study of Biologic and Immunomodulator-Naive patients in Crohn’s disease), a 

double-blind randomized controlled trial of azathioprine or infliximab monotherapy 
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compared with combination of azathioprine and infliximab therapy showed higher rates of 

corticosteroid-free remission and mucosal healing among adult subjects on combination 

therapy compared with infliximab monotherapy.17 Additionally, patients receiving 

combination of azathioprine and infliximab had a lower ATI prevalence of 1%, compared 

with 14% in patients on infliximab monotherapy.

Pediatric data on the prevalence of ATI and how ATI correlates with IFXL and clinical 

outcome are lacking. The aim of our study was to determine whether monitoring IFXL and 

ATI has clinical utility in the treatment of patients with IBD who have received or are 

receiving treatment with infliximab. Because IFXL and ATI are often only checked in the 

setting of loss of response, the prevalence of ATI in children receiving infliximab is 

unknown. We performed a cross-sectional study to assess IFXL and the prevalence of ATI in 

children and young adults currently receiving infliximab for the treatment of IBD and 

compared these values with clinical parameters.

METHODS

We conducted a cross-sectional study of ATI and IFXL in children and young adults with 

IBD followed at a single tertiary care institution. The study was approved by the Institutional 

Review Board at Boston Children’s Hospital, and parental and/or subject consent was 

obtained before study enrollment. From June 14, 2012 to November 2, 2013, we recruited 

134 patients into this study. These patients were currently receiving infliximab in our 

infusion center. As a comparison group, we also obtained serum from 18 additional patients 

who had previously been treated with infliximab but had the drug discontinued either 

because of infusion reactions or loss of efficacy.

For this cross-sectional study, we obtained a single serum sample from each patient. In the 

134 patients currently receiving infliximab, serum was obtained immediately before the 

patient’s infusion. Consecutive patients were recruited for study. Patients were most often 

enrolled at one infusion, and samples were obtained just before their subsequent infusion. In 

the 18 comparison patients no longer receiving infliximab, serum was obtained during a 

follow-up clinic visit. Serum was stored at −80°C and shipped to Prometheus Laboratories, 

where assays were performed. Clinical information gathered at the time serum was obtained 

included age, sex, race, weight, height, IBD type (CD or UC), and concomitant medications 

(azathioprine, 6-mercaptopurine, methotrexate, or corticosteroids). Disease phenotype was 

recorded using the Paris classification.18 We characterized disease activity using the 

pediatric Crohn’s disease activity index (PCDAI19) or pediatric ulcerative colitis activity 

index (PUCAI20). We also documented the duration of infliximab therapy, dose, infusion 

frequency, and history of infusion reactions. The patient’s medical record was reviewed to 

identify prior interventions, including infliximab dose escalation, decreased interval between 

doses, or change to another agent (e.g., adalimumab). Surgical history was also recorded and 

subdivided into whether surgery occurred before the start of infliximab or after infliximab 

was initiated. Additional documented laboratory parameters at the time of infusion included: 

hematocrit (in percentage), albumin (in grams per deciliter), erythrocyte sedimentation rate 

(in millimeter per hour), and CRP (in milligrams per deciliter).

Zitomersky et al. Page 3

Inflamm Bowel Dis. Author manuscript; available in PMC 2017 January 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Loss of response to infliximab was defined as an increase in infliximab dose over the 

standard 5 mg/kg, a decrease in dosing interval (i.e., infusion more often than every 8 wk) to 

treat IBD disease activity, or progression to surgery while on infliximab.16 All treatment 

decisions were made by the primary treating gastroenterologist. Patients who developed 

infusion reactions but were able to be successfully rechallenged were not counted as loss of 

response.

Quantification of serum levels of infliximab and ATI were performed by Prometheus 

Laboratories Inc., using the homogenous mobility shift assay (HMSA), allowing for the 

simultaneous measurement of serum infliximab level (IFXL) and ATI.14 For ATI, the assay 

has a lower limit of 3.1 U/mL and an upper limit of 100 U/mL. All values equal to 3.1 U/mL 

and above are considered antibody-positive. The range of assay detection for IFXL is 1.0 to 

34.0 μg/mL.

Statistical Methods

Study data were collected and managed using Research Electronic Data Capture tools hosted 

at Boston Children’s Hospital. REDCap (Research Electronic Data Capture)21 is a secure 

web-based application designed to support data capture for research studies. Data were 

characterized by percentages for categorical data, and mean (standard deviation [SD]) or 

median (interquartile range [IQR]) for continuous data, depending on the degree of skew in 

the data. Statistical testing of categorical data included the Pearson’s chi-square statistic 

(when the expected frequency count was at least 5) and the Fisher’s exact test otherwise. 

Student’s t test and analysis of variance was used to investigate group differences for 

continuous outcomes that were normally distributed, and the Wilcoxon rank-sum test and 

Kruskal–Wallis test otherwise. All tests of significance were 2-sided and unadjusted for 

multiple comparisons, and P < 0.05 was considered statistically significant. All data analysis 

and figures were performed with SAS version 9.3 (Cary, NC).

RESULTS

Demographics

Assays were performed on 134 subjects currently receiving infliximab infusions (85 male; 

mean age, 17.3 ± 4.3 yr; 114 CD and 20 UC). Fifteen subjects had been receiving infliximab 

for less than 6 months, 47 from 6 months to 2 years, 48 from 2 to 5 years, and 24 for more 

than 5 years. The majority (105; 78%) of patients recruited in this group were in clinical 

remission (PCDAI <11 or PUCAI <10). In addition, almost all patients recruited (116; 88%) 

had a normal CRP (≤0.5 mg/dL). Additional information on Paris classification, disease 

activity, and CRP is noted in Table 1. At the time serum was drawn, 50 patients were 

receiving concomitant immunomodulators (7 on mercaptopurine, 43 on methotrexate) 

compared with 84 receiving infliximab alone without an immunomodulator. One hundred 

nineteen subjects had received an immunomodulator since diagnosis of IBD.

We obtained serum levels of IFX and ATI using HMSA in a comparison group of 18 patients 

in whom infliximab had already been discontinued (Tables 1 and 2). In this subset, 13 

patients had infliximab discontinued because of lack of efficacy or loss of response, and 5 
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had discontinued treatment for infusion reactions. In this group of 18 patients, 11 patients 

had previously had ATI levels determined for clinical purposes by their physician using a 

previously available assay at Prometheus Laboratories Inc.5 For this study, we obtained a 

follow-up serum sample on this group of 18 patients to ascertain whether antibodies 

persisted after infliximab discontinuation. Of these 18 patients, 15 were receiving 

immunosuppressive therapies or biologics (mostly adalimumab or certolizumab) at the time 

the study serum was drawn. The mean duration between the time infliximab was 

discontinued, and the time of study serum sampling was 28 months (SD, 19 mo; range, 0–64 

mo).

Baseline Characteristics of Subjects With and Without Loss of Response

Fifty-seven percent (77 of 134) subjects had loss of response. Of 77 subjects who had loss of 

response, 72 (94%) had at least one GI physician initiated intervention, including increase in 

infliximab infusion dose (n = 45, 63%); increase in infusion frequency (n = 57, 79%); or 

addition of an immunomodulator (n = 28, 39%). Additionally, 10 (7%) had GI surgery since 

beginning infliximab, and 6 (48%) had infusion reactions (all were successfully 

rechallenged). Of the 77 subjects who lost response, 61 (79%) had CD and 16 (21%) had 

UC. Subjects with UC were not more likely to have loss of response compared with those 

with CD. Age, sex, CRP, combination therapy use, or ATI or IFXL level in all 134 study 

subjects did not differ between subjects with (n = 77) or without (n= 57) loss of response. 

We also analyzed loss of response by disease subtype: CD or UC. CD subjects with loss of 

response were on infliximab longer than those without loss of response (median, 33.1; IQR, 

19.6–52.0) months compared with 19.8 months (IQR, 9.6–45.9; P = 0.049). Otherwise, there 

were no significant differences in demographics, Paris classification, CRP, ATI, or IFXL 

level or use of combination therapy regarding loss of response by disease subtype.

Prevalence of ATI in Patients Currently Receiving Infliximab Infusions

Because there is no established a priori definition of what constitutes a clinical cutoff by 

HMSA in pediatric patients, we used 4 different cut-points for our prevalence analysis. Of 

the 134 patients currently receiving infliximab, 27 (20%) had ATI ≥5 U/mL, 18 (13%) had 

ATI levels ≥10 U/mL, 14 (10%) had ATI levels ≥12 U/mL, and 13 (10%) had ATI levels ≥15 

U/mL. We compared age, sex, disease phenotype, activity, and length of treatment between 

subjects with an ATI <5 U/mL (n = 107) and those with ATI ≥5 U/mL (n = 27) (Table 3). 

Subjects with an ATI <5 U/mL had a longer duration of infliximab therapy compared with 

those with ATI ≥5 U/mL (median 27.6; [IQR, 14.2–57.2]) versus 19.2 months (IQR, 8.4–

30.3), respectively (P = 0.01). Combination therapy (at the time of serum sampling), disease 

severity, remission, phenotype, and CRP did not differ significantly between subjects with 

ATI <5 U/mL compared with those with ATI ≥5 U/mL.

ATI Correlate with Reduced Infliximab Trough Levels

Patients with ATI ≥5 U/mL had significantly lower IFXL (Fig. 1). In patients with ATI ≥5 

U/mL (n = 27), the median IFXL was 1.0 μg/mL (IQR, 1.0–9.3). In contrast, for patients 

with ATI <5 U/mL (n = 107), the median IFXL was 12.2 μg/mL (IQR, 7.6–25.0; P < 0.001). 

Among patients with ATI ≥5 U/mL, 59% had IFXL <5 μg/mL; in contrast, only 14% of 

patients with ATI <5 U/mL had low IFXL (P < 0.0001). The negative correlation between 
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ATI and IFXL persisted irrespective of which cut-point was used to define a “positive” ATI 

(Fig. 1).

Higher Cumulative Dose of Infliximab Correlates with Higher Infliximab Trough Level

Patients receiving more than 5 mg/kg of infliximab every 2 months (whether due to 

increased dose or increased frequency of infusions) had higher IFXL. Specifically, patients 

receiving the higher doses (>5 mg/kg) (n = 65) had median IFXL of 14.5 μg/mL (IQR, 8.7–

29) compared with patients on the standard dose of 5 mg/kg (n = 69; median IFXL, 7.9 

μg/mL; IQR, 3.6–12.7) (P = 0.004). There were no clinical differences noted in the patient 

populations regarding disease activity or the need for surgery.

ATI Correlates with Progression to Surgery

Ten (7%) patients (9 CD, 1 UC) underwent bowel resections after beginning infliximab 

infusions. Of these 10 patients, 6 patients (60%) had high antibody levels (ATI ≥12 U/mL). 

In contrast, of the 124 patients who did not undergo surgery, only 10 patients (8%) had ATI 

≥12 U/mL (P = 0.01). We did not identify any other significant association between ATI and 

other clinical outcomes. Specifically, we could not demonstrate that ATI was associated with 

an increase in dose, a decrease in interval, an infusion reaction, or higher CRP.

ATI and IFXL with Combination Therapy

We also assessed the potential effect of combination therapy at the time serum was drawn 

for ATI and IFXL. Thirty-nine percent (42 of 107) of patients with ATI <5 U/mL were on 

combination therapy compared with 30% (8 of 27) with ATI ≥5 U/mL (P = 0.36). 

Combination therapy was used for 29% (6 of 21) of subjects with serum IFXL <3 μg/mL 

compared with 39% (44 of 113) in those with IFXL ≥3 μg/mL (P = 0.37). Thus, combination 

therapy (immunomodulator and infliximab) at the time when levels and antibodies were 

sampled did not correlate with either increase in level or reduction in antibody compared 

with monotherapy. However, when we examined if a patient had taken immunomodulators at 

any time since diagnosis, 95% (100 of 105) of patients with an ATI of <5 U/mL had been on 

immunomodulators compared with 76% (19 of 25) of patients with ATI ≥5 U/mL (P = 

0.007). Seventy-nine percent (15 of 19) of subjects with IFXL <3 μg/mL compared with 

94% (104 of 111) with a level of ≥3 μg/mL had taken immunomodulators since diagnosis, 

which was a trend that did not reach statistical significance (P = 0.06).

Patients Who Change to Other Therapies May Have Persistent ATI

As a comparison group to assess the prevalence of ATI, we obtained ATI and IFXL on 18 

patients who had discontinued infliximab therapy. The time between discontinuation of 

infliximab and serum acquisition ranged from 0 to 64 months (mean, 25.9; SD = 19.1). ATI 

≥5 U/mL were identified in 4 (22%) patients, similar to the proportion seen among the 134 

patients currently receiving infliximab (27/134, 20%). We hypothesized that this prevalence 

may be falsely low because of the long lag time between discontinuation of IFX and 

acquisition of study serum. Therefore, we also conducted a retrospective chart review to see 

if any prior clinical evaluation for ATI (using a different assay) had been performed by the 

practicing physician at the time infliximab was stopped. Of our 18 patients, 10 had prior 
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evaluation for ATI, previously termed human antichimeric antibody. Of these 10 patients, 8 

had positive ATI at the time of medication discontinuation, with levels ranging from 5.74 to 

12.18 U/mL (≤1.69 U/mL is the level of detection). Previous data indicates that an ATI level 

of 8 μg/mL leads to poor clinical outcomes.5 Of note, the clinical antibody assay performed 

on the patients by their physicians was an older assay developed by the same company. This 

assay has since been replaced by the high sensitivity assay used in this study. Of those 8 

patients who had antibodies at the time infliximab was discontinued, 3 had persistent 

antibodies during this re-evaluation (Table 2).

Adalimumab Therapy Yields a Measurable IFXL with Current Assay

Of the 18 patients in whom infliximab was discontinued, 10 were receiving adalimumab and 

1 was receiving certolizumab at the time the study serum sample was collected. All 10 

patients had detectable IFXL (>1 μg/dL, mean = 10.9 μg/dL, SD = 10) despite having had 

infliximab discontinued previously (mean time between discontinuation of infliximab and 

assay blood = 760 d; range, 52–1987 d). No detectable IFX levels (>1 μg/dL) were seen in 

patients receiving other IBD therapies (e.g., tacrolimus, methotrexate, thalidomide, 

natalizumab). This finding confirms the knowledge that assays that use TNF-α as a 

detection modality will detect all proteins that bind TNF-α.14,22

DISCUSSION

In this cross-sectional study, we determined that 20% of pediatric and young adult patients 

currently receiving infliximab have detectable ATI (≥5 U/mL). We also demonstrate that ATI 

correlate with a reduction in infliximab level and a higher risk of surgery in patients with 

IBD. We were unable to clearly show an association with loss of response, perhaps in part 

because a large proportion of our patients met our a priori definition of loss of response 

(e.g., dose adjustment). Combination therapy (6-mercaptopurine, azathioprine, or 

methotrexate with infliximab) at the time of sampling was not associated with lower ATI or 

higher IFXL. However, previous immunomodulator use correlated with lower levels of ATI.

In our population, increased ATI strongly correlate with lower IFXL. In adults, clearance of 

infliximab is greatly increased in the presence of ATIs and results in low IFX trough 

levels.23–25 The precise mechanism by which ATI reduces IFXL is unknown. Postulated 

mechanisms include increased proteolytic catabolism, Fc-γ–mediated internalization into 

phagocytes, and elimination by the reticuloendothelial system (reviewed in Ref. 26). 

Whether low drug levels lead to antibody formation or antibody formation lowers drug 

levels has yet to be clarified. Because this was a cross-sectional study, we could not evaluate 

the relationship between these two variables over time. Future longitudinal studies will 

determine the temporal association between antibody development, infliximab level, and 

loss of response.

Combination therapy with immunomodulators and infliximab has been shown to decrease 

ATI and increase IFXL compared with infliximab monotherapy.2,5,10,27,28 In our study, only 

a subset of our patients (39%) were on combination therapy. We did not find differences in 

the prevalence of ATI with current combination therapy compared with those on infliximab 

monotherapy. However, we did find a lower prevalence of ATI in subjects who had 
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previously taken immunomodulators. This finding could be explained in a few different 

ways. Subjects may have had a period of combination therapy before levels were drawn but 

had their immunomodulator discontinued before serum sampling. Additionally, prior use of 

immunomodulators, even before transition to infliximab monotherapy, may alter the future 

immune response resulting in less ATI formation.

Similarly, we did not find significant differences in IFXL with combination therapy. In our 

study, prior immunomodulator use was associated with higher trough IFXL. This result is 

similar to that of Cornillie et al,29 who found that that combination therapy with 

immunomodulators versus monotherapy with infliximab resulted in numerically higher but 

not significantly different week 14 trough IFXL compared with monotherapy in patients 

with sustained response to 5 mg/kg maintenance treatment. Feagan et al28 found lower ATI 

and higher IFXL in subjects who received methotrexate with infliximab. However, these 

study subjects differ from ours because they were also treated with corticosteroids at the 

time of induction, which could have influenced antibody formation.

Multiple studies have linked the presence of ATI to inferior outcomes in IBD.5,6,30 Our most 

significant clinical outcome was the association of elevated ATI with the risk of surgery after 

starting infliximab. Using the same HMSA used in our study, Vande Casteele et al11 found 

that ATI levels varied over time, but sustained high levels of ATI lead to permanent loss of 

response. This study also found that subjects with low infliximab trough levels at week 14 

are at risk for ATI formation and infliximab discontinuation.11 We did not detect a 

correlation between ATI or IFXL and loss of response to infliximab. The variation in ATI 

over time may have clouded our ability to correlate levels and ATI with loss of response 

using a cross-sectional study design. Longitudinal monitoring for ATI and IFXL may reveal 

clinically useful trends, such as persistent elevated ATI predicting loss of response.

Multiple prior studies have shown higher ATI and lower IFXL to be associated with poorer 

outcomes. Fifty-seven percent of our patients met our a priori definition of loss of response. 

We defined loss of response by increase in infliximab dose over the standard 5 mg/kg, a 

decrease in dosing interval (i.e., more often than every 8-wk infusions) to treat IBD disease 

activity, progression to surgery while on infliximab, or infusion reaction similar to Oussalah 

et al16 in 2010. We could not clearly show an association between IFXL or ATI and 

outcomes other than surgery. Our cohort was largely in remission, based on disease activity 

indices and laboratory markers of inflammation (erythrocyte sedimentation rate and CRP). 

Other groups have shown using a prior ELISA assay that IFXL predict clinical outcomes. 

Maser et al8 found that higher IFXL were associated with endoscopic improvement, lower 

CRP, and remission by Harvey–Bradshaw score in CD. In UC, Seow et al7 found that 

detectable serum infliximab was associated with higher rates of remission (Mayo score) and 

endoscopic improvement, and that an undetectable infliximab level was associated with an 

increased risk of colectomy.

Using the same HMSA assay as our study and a similar study population to ours with well-

controlled subjects, Levesque et al found no effect of ATI on ≥70-point increase of Crohn’s 

Disease Activity Index but did see an effect on the proportion of patients with CRP >5 mg/

L.13 Similar to our findings, they did not find a statistically significant relationship between 
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mean Crohn’s disease activity indices and trough IFXL at 8 weeks.13 However, because this 

was a prospective study, directional trends were assessed. Trough IFXL 8 weeks after 

infusion predicted either a ≥70-point increase of Crohn’s Disease Activity Index or a CRP 

>5 mg/L. A second recent prospective study, which examined restarting infliximab in 

subjects after a drug holiday and used the HMSA to detect ATI and IFXL showed that 

trough IFXL >2 μg/mL and undetectable ATI early after restarting infusions were predictive 

of primary response and long-term efficacy.12 Thus, prospective monitoring of ATI and 

IFXL in pediatric subjects may help identify goal IFXL levels in this population and identify 

patients at higher risk of losing response and may find an association of ATI and IFXL with 

other more sensitive clinical outcomes, such as mucosal healing.

In our cohort of 18 subjects who were no longer receiving infliximab, we found detectible 

IFXL levels in subjects on other anti-TNF agents and ATI even years after discontinuation. 

The detectable IFXL in subjects no longer receiving infliximab confirms that the mobility 

shift assay will detect all proteins that bind TNF-α.13,21 Persistent ATI in subject’s even 

years after infliximab discontinuation has also been reported.31,32

In conclusion, our pediatric study had similar findings to adult studies regarding the 

relationship between ATI and IFXL. However, assuming that IFXL correlates with outcome, 

there may be a lag between antibody development, a decline in infliximab level, and clinical 

symptoms. Additional prospective large pediatric cohorts will prove valuable in answering 

these questions.
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FIGURE 1. 
IFXL by ATI. ATI at 4 different ranges show significant decreases in IFXL (P < 0.0001).
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TABLE 1

Baseline Characteristics for 134 Subjects Currently on Infliximab (n = 134) and 18 Subjects Previously on 

Infliximab (n = 18) Who Had Discontinued the Drug Secondary to Loss of Response, Infusion Reaction, or 

Lack of Initial Response

Characteristic

Current Infliximab

P

Yes (n = 134) No (n = 18)

Statistic Statistic

Age, yr 17.3 ± 4.3 17.5 ± 2.9 0.85

Male sex    85 (63%) 11 (61%) 0.85

Diagnosis 0.45

 UC    20 (15%) 3 (17%)

 CD  114 (85%) 15 (83%)

Disease severity

 CD (PCDAI)      5 (0–10) 10 (0–25) 0.03

 UC (PUCAI)   7.5 (0–15) 10 (10–30) 0.25

Disease remission

 CD (PCDAI 0–10)    95 (83%) 10 (67%) 0.15

 UC (PUCAI 0–9)    10 (50%) 0 (0%) 0.23

Paris classification at diagnosis

 CD

  Age 0.05

   0–10, yr    31 (27%) 9 (60%)

   10–17, yr    79 (69%) 6 (40%)

   17–40, yr      4 (4%) 0 (0%)

  Location

   L1    15 (13%) 0 (0%) 0.21

   L2    11 (10%) 2 (13%) 0.65

   L3    85 (75%) 13 (87%) 0.52

   L4      3 (3%) 0 (0%) 1.00

   L4a    70 (61%) 12 (80%) 0.16

   L4b      8 (7%) 0 (0%) 0.60

  Behavior

   B1  104 (91%) 14 (93%) 1.00

   B2      9 (8%) 1 (7%) 1.00

   B3      3 (3%) 0 (0%) 1.00

   B4    42 (37%) 4 (27%) 0.44

  Growth 0.50

   G0    92 (81%) 11 (73%)

   G1    22 (19%) 4 (27%)

 UC

  Location 0.44

   E1      1 (7%) 0 (0%)
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Characteristic

Current Infliximab

P

Yes (n = 134) No (n = 18)

Statistic Statistic

   E2      1 (7%) 1 (33%)

   E3      0 (0%) 0 (0%)

   E4    13 (86%) 2 (67%)

  Severity 0.17

   S0    12 (80%) 1 (33%)

   S1      3 (20%) 2 (67%)

Months on infliximab    24 (13–51) 15 (6–46)a 0.12

Combination therapya    50 (37%) 0 (0%)

Immunomodulators since diagnosis  119 (92%) 18 (100%) 0.36

CRP obtained  132 (99%) 17 (94%) 0.32

 CRP 0.10 (0.10–0.27) 0.12 (0.10–1.26) 0.09

 CRP >0.5    16 (12%) 6 (35%) 0.02

ATI ≥5    27 (20%) 4 (22%) 0.76

ATI ≥10    18 (13%) 2 (11%) 1.00

ATI ≥12    14 (10%) 2 (11%) 1.00

ATI ≥15    13 (10%) 1 (6%) 1.00

a
Median and percentage of subjects or median and IQR are shown.

Infliximab with methotrexate or 6-mercaptopurine at the time of serum sampling.
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TABLE 3

Demographics, Disease Phenotype/Severity, and Length of Treatment in Subjects with ATI ≥5 or ATI <5 (n = 

134)

Characteristic

ATI (U/mL)

P<5 (n = 107) ≥5 (n = 27)

Most recent diagnosis

 CD    91 (85%)    23 (85%) 1.00

 UC    16 (15%)      4 (15%)

Most recent disease severity

 CD (PCDAI)   5.0 (0.0–10.0)   0.0 (0.0–10.0) 0.57

 UC (PUCAI) 10.0 (0.0–15.0)   2.5 (0.0–15.0) 0.53

Disease remission

 CD (PCDAI 0–10)    76 (84%)   19 (83%) 1.00

 UC (PUCAI 0–9)      7 (44%)      3 (75%) 0.58

Months on infliximab 27.6 (14.2–57.2)a 19.2 (8.4–30.3) 0.01

Combination therapy    42 (39%)      8 (30%) 0.36

CRP obtained  105 (98%)    27 (100%) 1.00

 CRP 0.10 (0.10–0.23) 0.11 (0.10–0.46) 0.34

 CRP >0.5    11 (10%)      5 (19%) 0.32

a
Before discontinuation.
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