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Abstract

Objectives: In pediatric Crohn’s disease, infliximab trough concentrations after standard weight-

based induction therapy are commonly below 7 μg/mL. Clinical treatment outcomes are associated 

with post-induction infliximab trough concentration. Markers of inflammation are associated with 

low infliximab concentrations during maintenance dosing. We sought to determine if early 

markers of disease activity are associated with inadequate post-induction infliximab trough 

concentrations in pediatric Crohn’s disease.

Methods: We performed a retrospective single-center case-control study of pediatric Crohn’s 

disease patients to assess the association between baseline and week-2 biomarkers (albumin, C-

reactive protein, and erythrocyte sedimentation rate) and inadequate post-induction infliximab 

trough concentration (<7 μg/mL) in patients treated with standard 5mg/kg dosing. Baseline and 

week-2 biomarker values were coded as dichotomous variables at clinically useful thresholds. 

Univariable logistic regression was used to calculate odds ratios of developing an inadequate 

infliximab trough concentration for each threshold, as well as thresholds in combination.

Results: Fifty-five patients were evaluated. Early biomarker thresholds significantly associated 

with inadequate post-induction infliximab trough concentrations included baseline C-reactive 

protein >1mg/dL (odds ratio [OR] 4.58; 95% confidence interval [CI] 1.24–17.01), both baseline 

C-reactive protein >0.5 mg/dL and albumin <3.5 g/dL (OR 8.31; 95% CI 1.99–34.63), and week-2 

C-reactive protein >0.5 mg/dL or albumin <3.5 mg/dL or erythrocyte sedimentation rate >25mm/

hour (OR 11.08; 95% CI 2.14–57.22).
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Conclusions: Routine baseline and week-2 markers of disease activity at clinically useful 

thresholds were associated with inadequate post-induction infliximab trough concentration in 

pediatric Crohn’s disease patients receiving standard weight-based induction dosing.
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The rate of clinical response to infliximab (IFX) treatment after 54 weeks of standard 

weight-based dosing is only 63.5% in pediatric Crohn’s disease (CD) (1). Standard weight-

based IFX induction dosing for the treatment of CD in children and adults is 5 mg/kg/dose 

administered at 0, 2, and 6 weeks, with maintenance dosing continued every 8 weeks (1,2). 

The American Gastroenterological Association recommends a target serum IFX 

concentration of ≥5 μg/mL for adult inflammatory bowel disease (IBD) patients during 

maintenance therapy (3). Pediatric guidelines agree with this target and recommend 

therapeutic drug monitoring at the end of induction dosing, before the fourth dose (14 weeks 

after start of therapy) (4). Importantly, post-induction IFX trough concentrations have been 

shown to predict clinical and biochemical remission at week 52 in pediatric CD patients (5). 

A post-induction trough concentration target of 5 μg/mL may be too low; in a prospective 

study of adults with CD, the only factor independently associated with primary nonresponse 

at week 14 was an IFX trough below 7 μg/mL. In this study, IFX trough below 7 μg/mL also 

was correlated with immunogenicity and nonremission at week 54 (6). Notably, a recent 

observational study demonstrated low post-induction IFX trough concentrations in children 

(median 2.1 μg/mL; interquartile range [IQR] 1.1–4.3) (7).

Biomarkers of disease activity, such as hypoalbuminemia and increased serum C-reactive 

protein (CRP) are associated with low IFX trough concentrations and loss of therapeutic 

response during maintenance therapy (8–11). Pharmacokinetic modeling in pediatric CD 

demonstrates that standard IFX maintenance dosing in children often results in inadequate 

drug exposure, especially when albumin concentrations are low (12). In a large pediatric 

study evaluating 228 children on maintenance therapy, increased body weight, low serum 

albumin, high erythrocyte sedimentation rate (ESR) and antibodies to IFX (ATI) predicted 

an inadequate maintenance IFX trough (13).

Given pharmacokinetic variability of IFX, standard weight-based dosing does not guarantee 

adequate exposure post-induction. The aim of our study was to determine if routinely 

ordered baseline or week 2 serum markers of disease activity (albumin, CRP, and ESR) were 

associated with inadequate (<7 μg/ml) post-induction trough concentrations in a cohort of 

pediatric CD patients receiving standard 5 mg/kg dosing.

METHODS

Study Design

We performed a retrospective single-center case-control study of pediatric CD patients 

initiating IFX to assess the association between baseline and week-2 serum markers of 

disease activity (albumin, CRP, and ESR) and inadequate post-induction IFX trough 
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concentration. Patients treated with IFX therapy between January 1, 2013 and June 20, 2019 

at Children’s National Hospital were identified using a divisional infusion database that 

included 371 IBD patients who initiated IFX during that time.

Patients were included in the study if they had a diagnosis of CD, were greater than 1 and 

less than 18 years old at the time of starting IFX, were antitumor-necrosis-factor-α (anti-

TNFα)-naïve, and underwent standard IFX induction therapy of 5 mg/kg/dose (rounded to 

nearest 100 mg) at standard dose intervals (0, 2, and 6 weeks). Inclusion required a post-

induction IFX concentration drawn just before the fourth dose (week 14±2 weeks). All IFX 

trough concentrations and ATI were measured via drug-tolerant liquid chromatography-

tandem mass spectrometry assays (Mayo Clinic Laboratory or Prometheus Laboratories). 

The Mayo Clinic assay measures ATI when IFX concentrations are below 5.1 μg/mL. The 

Prometheus Laboratories assay reports ATI regardless of serum IFX concentration.

Patients were excluded if they received greater than standard 5 mg/kg dosing, were 

prescribed an escalated induction dosing regimen, were missing all baseline or week-2 

laboratory testing in the Electronic Medical Record, did not have an IFX trough drawn 

before the fourth dose, required surgery before the fourth dose, had a diagnosis of ulcerative 

colitis or IBD unclassified, or were not anti-TNFα-naive. Using these strict enrollment 

criteria, our study population represented a cohort of pediatric CD patients who were 

prescribed standard IFX induction therapy at the decision of their physician, and/or at payer-

mandate.

For patients who met inclusion criteria, the following information at time of first IFX dose 

was recorded: demographics (age, sex, race), nutritional data (weight, height, BMI), CD 

phenotype and distribution (according to Montreal classification), and concomitant CD 

medications. Laboratory markers of disease activity (albumin, CRP, ESR) closest to and 

within 1 week of first IFX dose, as well as at time of week 2 dose, were recorded. All 

laboratory studies for markers of disease activity were run at the Children’s National 

Hospital clinical laboratory.

The exposures of interest included serum markers of disease activity (albumin, CRP, and 

ESR) at the time of drug initiation (baseline) and at second infusion (2 weeks from drug 

initiation). The primary outcome of interest was inadequate post-induction IFX trough 

concentration, defined as <7 μg/mL, with a sensitivity analysis examining a post-induction 

IFX trough <5 μg/mL. We divided patients into “cases” and “controls” based on these 

thresholds—with cases defined as patients with a post-induction IFX trough less than 7 

μg/mL (considered “inadequate”) and controls defined as patients with a post-induction IFX 

trough greater than or equal to 7 μg/mL (considered “adequate”).

Continuous values of markers of disease activity at baseline and week 2 were converted to 

dichotomous variables as follows: CRP >0.5 mg/dL, >1.0 mg/dL and >2.0 mg/dL, albumin 

<3 g/dL and <3.5 g/dL, and ESR >25 mm/hour. Biomarkers were chosen because of their 

frequent utilization instandard clinical practice, and the range of values was selected based 

upon prevalence among CD patients (8,9,11). Optimal cut-point values based on receiver-

operator curves were not calculated because of our study’s case-control study design and the 
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selection bias this would present. Combinations of these dichotomous variables were 

analyzed (ie, CRP >1 mg/dL and albumin <3.5 g/dL). Because of similar means for ESR at 

baseline between groups, thresholds involving ESR were not used for baseline labs; 

however, given the significantly different means for week 2 ESR, a threshold of 25 mm/hour 

both in isolation and combination was used at week 2. Given the overall improvement in 

biomarkers between baseline and week 2, including overall decrease in CRP and ESR, and 

increase in albumin, not all thresholds were used in combination for week 2 data as most 

patients did not meet the more severe thresholds, such as CRP >1 mg/dL, CRP >2 mg/dL, or 

albumin <3.0 g/dL. In addition, combinations of subjects meeting at least 1 criterion (ie, 

CRP >0.5 mg/dL or Albumin <3.5 g/dL or ESR >25 mm/hour) were used for week-2 data in 

order to increase the sensitivity of our thresholds and the proportion of patients meeting 

criteria. Otherwise, identical analyses were implemented for baseline and week-2 data.

Baseline and week-2 values of markers of disease activity were plotted versus their 

corresponding infliximab trough concentration for each patient and represented graphically 

with demarcation of chosen clinical thresholds (Fig. 1).

Statistical Considerations

Continuous variables were summarized as means and standard deviations. Categorical 

variables were summarized as counts and percentages. A Shapiro-Wilk test was used to 

assess normality of continuous variables. Cases and controls were compared using 2-sample 

unpaired t-test for continuous variables with normal distributions and Mann-Whitney U test 

for continuous variables with skewed distributions. Fisher exact test was used to compare 

categorical variables with 2 categories and chi-squared test was used for categorical 

variables with more than 2 categories. Changes in biomarker values from baseline to week-2 

were analyzed using paired t-test. A 2-sided P value of less than 0.05 was considered 

statistically significant. Patients were excluded from a specific analysis if they were missing 

either baseline and/or week 2 laboratory markers of disease activity.

Univariable logistic regression was used to test the effects of baseline and week 2 albumin, 

CRP, or ESR on inadequate post-induction IFX trough. Odds ratios (OR) of developing an 

inadequate post-induction IFX trough were calculated. The association between baseline 

covariables and the primary outcome were assessed via univariable linear regression to 

assess for possible confounding and the need for multivariable regression analyses. 

Multicollinearity of serum markers of disease activity was assessed using univariable linear 

regression to test their association with one another.

Univariable logistic regression was used to calculate the odds of developing an inadequate 

post-induction IFX trough for each biomarker threshold in cases versus controls. For 

thresholds in which no subject meeting the laboratory threshold went on to have an adequate 

post-induction IFX trough, odds ratios could not be calculated and instead chi-squared P 
values of the association between post-induction IFX trough less than 7 μg/ml and meeting 

the laboratory threshold were calculated and reported.

Analyses were performed using SAS9.4 software (SAS Institute, NC).
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Ethical Considerations

This study was approved by the Children’s National Hospital (Washington, DC) Institutional 

Review Board on March 13, 2017.

RESULTS

Fifty-five of the 371 patients examined for eligibility met inclusion criteria. Our stringent 

exclusion criteria resulted in a high exclusion rate (85.2%) because of factors including 

diagnosis of ulcerative colitis or IBD unclassified, prior anti-TNFα exposure, nonstandard 

dosing schedule, and unavailability of post-induction IFX trough or baseline laboratory 

markers. Demographic data, post-induction IFX trough concentration, and ATI are presented 

in Table 1. Demographics (age, sex, race), BMI, disease location, and phenotype, and the 

percentage of patients taking immunomodulators and systemic corticosteroids at time of IFX 

initiation were similar between groups. Forty of 55 subjects had a post-induction IFX trough 

<7 μg/mL (cases), and 15/55 had a post-induction IFX trough at least 7 μg/mL (controls). 

Only 1/40 cases and 0/15 controls had ATI detected at post-induction. The number of values 

available for analysis for each biomarker is presented in Table 2. Baseline ESR was missing 

in 1 patient. Week-2 albumin, CRP, and ESR were missing in 2, 2, and 3 patients, 

respectively. Nineteen patients had a baseline CRP below 0.5 (35%). Twenty-five patients 

had a baseline CRP below 1 (45%).

Baseline and week-2 serum markers of disease activity data are presented in Table 2. T tests 

comparing group means (stratified by adequate versus inadequate post-induction IFX 

trough) demonstrated statistically significant differences in baseline albumin (P=0.015), 

baseline CRP (P=0.044), week-2 albumin (P=0.003), week-2 CRP (P=0.027), and week-2 

ESR (P=0.021). Baseline ESR was not significantly different among groups. In patients with 

both baseline and week-2 biomarker data available, there was a significant increase in mean 

serum albumin and a mean decrease in CRP and ESR in both cases and controls (Table, 

Supplemental Digital Content 1, http://links.lww.com/MPG/C15).

Employing univariable logistic regression of biomarkers as continuous variables, baseline 

albumin was significantly associated with inadequate post-induction IFX concentration (OR 

0.26; 95% CI 0.08–0.83), whereas baseline CRP and ESR were not (Table, Supplemental 

Digital Content 2, http://links.lww.com/MPG/C16). Odds ratios for week 2 albumin and 

week 2 ESR as continuous variables were significantly associated with inadequate post-

induction IFX trough, whereas week 2 CRP was not. When assessing the relationships 

between baseline covariables and post-induction IFX trough via univariable linear 

regression, all were nonsignificant. For this reason, in addition to relatively small sample 

size, these covariables were neither included as independent predictors of IFX concentration 

nor in multivariable regression analysis. Multicollinearity was confirmed by univariable 

linear regression, which demonstrated all biomarker variables were significantly correlated 

to one another at their respective time points (all P ≤0.001, data not shown). Due to this, 

multivariable logistic regression involving multiple biomarkers was not assessed.

Odds ratios of developing an inadequate post-induction IFX trough among patients meeting 

versus not meeting biomarker thresholds are shown in Table 3. Many of these thresholds had 
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significant odds ratios over 4. For example, patients with a CRP over 1 mg/dL had an OR of 

an inadequate trough of 4.58 (95% CI 1.24–17.01) and patients with an albumin <3.5 g/dL 

had an odds ratio of 4.57 (95% CI 1.28–16.38). When we combined biomarkers using 

multiple thresholds, the odds ratios increased without sacrificing statistical significance. The 

odds ratio for inadequate trough in patients with a CRP >1 mg/dL and albumin <3.5 g/dL 

was 8.31 (95% CI 1.99–34.63). Many week 2 thresholds also reached statistical significance. 

Patients meeting week 2 thresholds of CRP >0.5 mg/dL or albumin <3.5 mg/dL or ESR >25 

mm/hour had an OR of 11.08 (95% CI 2.14–57.22) of developing an inadequate post-

induction IFX trough versus those not meeting any of these thresholds. For multiple week 2 

thresholds, all patients meeting the threshold went on to have an inadequate post-induction 

IFX trough. For instance, 11/52 subjects had a week 2 CRP >0.5 mg/dl and 5/53 subjects 

had a week 2 albumin <3 g/dL, with 4 patients meeting both criteria. No patients meeting 

these week 2 thresholds went on to have an adequate trough. In these cases, an OR was 

unable to be calculated and instead chi-square P values are reported in Table 3.

Sensitivity analyses examining markers of disease activity in relation to IFX trough of 5 

μg/mL are shown in Tables, Supplemental Digital Content 3–6, http://links.lww.com/MPG/

C17, http://links.lww.com/MPG/C18, http://links.lww.com/MPG/C19, http://

links.lww.com/MPG/C20. Overall, these results were similar to analyses using an IFX 

trough of 7 μg/mL.

DISCUSSION

Low-serum drug concentrations are responsible for the majority of therapeutic failures of 

anti-TNFα medications in adults and children with IBD (14). Higher post-induction IFX 

troughs are associated with improved clinical and biochemical remission rates in children 

with CD (5). Minar et al (15) demonstrated the utility of reactive therapeutic drug 

monitoring through assessment of 72 children with CD who presented with signs and 

symptoms concerning for loss of response to IFX therapy. In this cohort, the median post-

induction trough was only 2.1 μg/mL. When routine week 14 troughs are monitored 

proactively, suboptimal IFX concentrations are common (16). Our study supports these 

findings, as 72.7% of patients in our cohort treated with standard induction dosing did not 

achieve an adequate post-induction IFX trough. Furthermore, patients who had severe 

disease prompting rapid dose-escalation, regimen-intensification, or surgery before the 

fourth dose were excluded. Thus, our analysis excluded patients with particularly severe 

disease, and represents a more typical patient in whom such a week 14 monitoring approach 

would be considered. As children with IBD who achieve remission in the first 90 days from 

diagnosis achieve better 52-week outcomes, and week 14 IFX trough levels strongly predict 

clinical and/or biochemical remission at 1 year, these findings are supportive of proactive 

monitoring or a selective preemptive dose escalation strategy (17–19).

Elevated serum CRP, hypoalbuminemia, and prolonged ESR, have been shown to predict 

lower IFX concentrations during maintenance therapy using population data and 

pharmacokinetic modeling (11–13,20–22). Our logistic regression data showed similar 

associations of baseline and week-2 albumin, CRP, and ESR in relation to post-induction 

IFX trough. Decreased CRP level and increased infliximab concentration post-induction 
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have been associated with improved durable outcomes, with elevated CRP having been 

shown to be predictive of nonresponse in CD (8,23). There is, however, a relative paucity of 

data regarding pretreatment biochemical predictors of inadequate post-induction IFX trough.

Our study demonstrates that in routine pediatric CD patients, baseline and week-2 serum 

markers of disease activity at relatively common and clinically relevant thresholds are highly 

associated with development of an inadequate post-induction IFX trough (7). Use of a single 

biomarker is prone to false negatives given that 25% of patients with active CD do not 

elevate their CRP because of genetic polymorphisms and ESR can be affected by co-existing 

anemia (24). Attempting to overcome this, we combined multiple thresholds for several 

commonly utilized markers of disease activity. In doing so, we increased the sensitivity of 

our screening process to avoid missing patients who met thresholds of only 1 biomarker but 

not others (for patient-specific factors). Use of two time points provides an additional 

opportunity to identify patients who would potentially benefit from an escalated dosing 

strategy early in the treatment course. For example, baseline CRP >0.5 mg/dL (but less than 

1.0 mg/dL) was not significantly associated with later development of inadequate post-

induction IFX trough, but a CRP >1.0 mg/dL was, exhibiting the usefulness of multiple 

thresholds clinically. Further, the persistence of CRP >0.5 mg/dL, albumin <3.5 or ESR >25 

at week 2 was significantly associated with inadequate post-induction IFX trough and could 

prompt a physician to intensify dosing, a strategy demonstrated to be successful in 

improving clinical outcomes in patients with IFX treatment failure (25). Using this 

approach, we may fail to identify patients with normal inflammatory markers despite active 

disease. Further studies may focus on other novel biomarkers with a better accuracy of 

predicting inadequate drug exposure.

Our study has several weaknesses, including a relatively small sample size, which precludes 

subset analyses, such as those with different CD phenotypes. The retrospective nature of our 

study created a heterogeneous population that did not specifically match for factors 

including disease phenotype, concomitant medications, and demographics; however, these 

factors were similar among cases and controls. Our case-control study design could only 

analyze patients who had an IFX trough drawn. It is possible that our cohort of patients in 

which IFX concentrations were drawn post-induction may be different than CD patients as a 

whole, although using odds ratios should account for this. We lacked validated clinical and 

endoscopic outcomes to correlate with post-induction troughs. Multiple IFX drug assays 

were used (Mayo and Prometheus), which could theoretically introduce an unmeasured 

covariable; however, prior studies have shown that while differences exist, most IFX drug 

concentration assays perform similarly (26).

To the best of our knowledge, our study represents the first report of routinely collected 

baseline and week 2 serum markers of disease activity at clinically useful and prevalent 

thresholds demonstrated to be significantly associated with inadequate post-induction IFX 

trough in pediatric CD patients receiving standard on-label, weight-based dosing. Still, over 

one-fourth of the patients in our cohort did achieve an adequate trough with standard 

induction dosing, exhibiting that empiric escalated dosing is not indicated in all children, 

and that an objective, thoughtful, and predictive approach is needed. Bayesian dashboard 

dosing strategies to individualize pharmacokinetics and dosing of IFX are being developed 
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and evaluated (27,28). Until these are readily available, use of an intensified regimen in 

select patients who are highly unlikely to achieve adequate IFX concentrations at the end of 

induction may improve outcomes in pediatric CD. Accordingly, prospective studies are 

needed to better understand approaches to dose selection and therapeutic dose monitoring in 

the pediatric IBD population, including the assessment of effects on later outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What Is Known

• Post-induction infliximab concentrations predict clinical and biochemical 

remission at week 52 in pediatric Crohn’s disease, yet inadequate post-

induction concentrations are prevalent.

• Low-serum drug concentrations are responsible for the majority of therapeutic 

failures of anti-TNFα medications in pediatric inflammatory bowel disease.

• Low-serum albumin and increased serum C-reactive protein levels are 

associated with low infliximab trough concentrations during maintenance 

therapy in inflammatory bowel disease.

What Is New

• Baseline and week 2 levels of albumin, C-reactive protein, and erythrocyte 

sedimentation rate are associated with inadequate post-induction infliximab 

concentration in pediatric Crohn’s disease patients receiving standard dosing.
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FIGURE 1. 
Baseline (A–C) and week 2 (D–F) serum albumin (A and D), CRP (B and E), and ESR (C 

and F) versus infliximab trough, with demarcation of thresholds used. CRP = C-reactive 

protein; ESR = erythrocyte sedimentation.
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TABLE 2.

Serum markers of disease activity at baseline and week 2 stratified by post-induction infliximab trough <7 

μg/mL

Total IFX trough <7 μg/mL (‘‘inadequate’’) IFX trough >7 μg/mL (‘‘adequate’’)

N Mean (SD) N Mean (SD) N Mean (SD) P value

Baseline

 Albumin, g/dL 55 3.22 (0.58) 40 3.10 (0.74) 15 3.53 (0.69)
0.015 

*

 CRP, mg/dL 55 2.38 (2.83) 40 2.66 (2.88) 15 1.62 (2.65)
0.044 

*

 ESR, mm/hour 54 37.44 (25.47) 39 40.13 (24.37) 15 30.47 (27.79) 0.134

Week-2

 Albumin, g/dL 53 3.54 (0.48) 38 3.41 (0.44) 15 3.85 (0.46)
0.003 

*

 CRP, mg/dL 52 0.51 (0.85) 37 0.65 (0.97) 15 0.16 (0.12)
0.027 

*

 ESR, mm/hour 52 17.46 (13.41) 38 19.82 (14.36) 14 11.07 (7.65)
0.021 

*

Continuous variables expressed as mean (± SD). Differences among groups (inadequate vs adequate trough) analyzed using unpaired t-test for 
normally distributed variables (albumin) and Mann-Whitney U test for nonnormally distributed variables (CRP and ESR). CRP = C-reactive 
protein; ESR = erythrocyte sedimentation rate; IFX = infliximab; SD = standard deviation.

*
Statistically significant where P<0.05. Bold represents P values < 0.05.
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