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Chapter 6

ABSTRACT 

Background and aim

Factors influencing the pharmacokinetics (PK) of infliximab (IFX) in inflammatory bowel 

disease (IBD) patients were identified from clinical trials. We studied a large cohort of IBD 

patients to identify patient, disease and treatment characteristics influencing IFX PK. 

Methods

IFX and antibodies to IFX (ATI) measurements in IBD patients were collected at a single 

center. Gender, age, body weight, location and behaviour of disease, dose, 

immunomodulators, albumin, CRP were collected. IFX concentrations and ATI were 

measured using an ELISA and antigen binding test from Sanquin laboratories. PK and ATI 

were analysed simultaneously by nonlinear mixed-effects modelling. 

Results

997 IFX concentrations and 756 ATI measurements from 332 IBD patients (253 Crohn’s 

disease, 79 ulcerative colitis) were included. 80% of patients received IFX as the first anti-

TNF agent, 43% received concomitant immunomodulation. The mean IFX dose was 5.2 mg/

kg. ATIs were detected in 75/332 (23%) patients; ATI titers higher than 30 AU/mL were 

associated with undetectable IFX concentrations. PK characteristics were similar for both 

IBDs. Clearance was affected over each range by: body weight (40-149 kg) from 0.27 to 0.53 

L/Day, albumin (2-5.4 g/dL) from 0.93 to 0.24 L/Day and the presence of ATIs (0-53000 AU/

ml) from 0.36 L/Day to 15.93 L/Day (P<0.001). Anti-TNF naive patients exhibited lower

clearance than previously exposed patients.

Conclusions

ATI, high body weight and low albumin increases IFX clearance. We identified an IFX

concentration below which risk of ATI increases. Identification of influential PK and ATI

factors improves prediction of infliximab levels, potentially allowing precise individualised

dosing and cost reduction.

Introduction

Higher Infliximab (IFX) serum concentrations have been associated with improved clinical 

and endoscopic outcomes in patients with Crohn’s disease (CD) and ulcerative colitis (UC).1,

2 Serum trough level based dosing of IFX resulted in lower rate of disease relapse compared 

to conventional clinically based dosing in patients with IBD, in a recent Belgian study.3 A 

higher proportion of patients in clinical remission was observed after dose escalation in CD

patients with an IFX serum concentration of >3 µg/ml at trough. Furthermore, dose reduction

was safe in IBD patients in clinical remission, whilst retaining disease control.3 Moreover, 

individualized, algorithm based, therapy was more cost-effective than routine IFX dose 

escalation in patients with CD.4 Adjusting the dose based on serum trough levels of the drug,

i.e. therapeutic drug monitoring, has thereby become incorporated in therapeutic algorithms

and has become part of clinical practice in many medical centers, over the past years.5, 6

Several factors have been suggested to influence the pharmacokinetics (PK) of IFX in

patients with inflammatory bowel disease (IBD).5, 7 The development of antibodies to IFX

(ATI) was found to reduce serum IFX concentrations and negatively impact response.8

Concomitant immunosuppressive therapy reduces antibody formation and improves the PK

of IFX.9 In addition, PK analysis of 2 clinical trials in ulcerative colitis revealed that serum IFX

levels were negatively correlated with serum albumin levels.10 Finally, higher C-reactive 

protein (CRP) levels have been correlated with lower serum IFX concentrations.1, 11 Notably,

these factors have mainly been derived from clinical trials with strict inclusion or exclusion 

criteria, often excluding refractory IBD patients with complex and severe disease.12 Other

studies have used simulations with computer modelling to identify predictive determinants of

IFX PK, nonetheless reports of the assessment of day to day clinical data from large medical

centers are scarce.

We aimed to study the real-life PK of IFX in a large cohort of IBD patients, to identify 

patient, disease and treatment characteristics that influence serum concentrations and 

clearance of IFX.  
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Patients and Methods 

Study design 

In this retrospective cohort study, all serum IFX concentration measurements from 

patients with IBD were identified at the Academic Medical Center (academic referral center) 

from November 2004 till August 2014. A total of 1000 IFX concentrations and 760 ATI titers 

from 333 IBD patients were included for initial analysis. Data from one patient was excluded 

due to insufficient dosing information, 2 PK observations and 4 ATI titers were dropped due 

to high conditional weighted residuals. This resulted in the final database with serum IFX 

concentration data from 332 IBD patients (253 CD, 79 UC) with 997 IFX observations 

(median 2 observations, range 1-18) and 756 ATI titers (median 2 observations, range 1-16). 

Outcome measures 

Medical charts of all patients were reviewed for patient, disease and treatment 

characteristics. Patients’ characteristics included: gender, age, length and body weight For 

disease characteristics, information about location and behaviour of disease (Montreal 

Classification) was collected. In addition, treatment characteristics were studied, specifically 

dosing regimen (exact dose and frequency) and use of concomitant immunomodulators. 

Finally, laboratory values: hemoglobin, thrombocytes, leukocytes, erythrocyte sedimentation 

rate, serum CRP, albumin, ALT, AST and γGT were also entered in the database if 

measured during IFX treatment with IFX. 

A mean of 3 serum IFX concentrations and ATI measurements were available per 

patient. The majority of measurements were trough concentrations, collected just before an 

infusion, however in some patients also mid-infusion measurements were collected. The 

timing of all measurements relative to the last IFX infusion was registered in all patients. The 

indication for IFX concentration and ATI measurement was generally suspicion of loss of 

response, but IFX concentrations were also measured in the patients in clinical remission to 

screen for dose reduction. Serum IFX concentrations and ATI were measured using a 

validated ELISA and antigen binding test (radioimmunoassay, Sanquin Laboratories, 

Amsterdam, The Netherlands).13-15 Lower limits of quantification were: 0.003 µg/ml for IFX 

serum concentration and 12 AU/ml for anti-IFX antibody titer. Although this assay is ‘drug 

sensitive’, ATIs cannot be measured in the presence of high circulating drug. 

Pharmacokinetic and statistical analysis 

PK data was analysed by nonlinear mixed-effects modelling using Nonmem 7.2 

software (ICON Development Solutions Inc. Dublin Ireland) and described using a 2-

compartiment PK model with first order elimination.16 A Log transform Both Sides (LTBS) 

approach was used to improve model stability and also to ensure the model would not 
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produce negative concentrations. The stochastic approximation expectation method (SAEM)

and the M3 method was used to allow observations below the limit of assay to contribute to 

the likelihood.17 Model building was conducted using standard approaches.18 A PK model

was built first. Covariates were first evaluated graphically, and covariates showing trends or

were known to influence IFX PK were singly as covariates via Nonmem and accepted at

p<0.01 using the likelihood ratio test.19 All influential covariates were combined into a full

model. Co-variates were retained on backwards elimination at P<0.001 (multivariate 

analysis). Finally, the model was evaluated using both non-parametric unstratified bootstrap 

and visual predictive check.20, 21 In addition, basic goodness of fit and other model

performance metrics were assessed.22 Once the PK model was stable, the PK parameters

were fixed and the ATI data were evaluated using a semi-physiologic two-part model where 

low IFX concentrations were used as a trigger to form ATI. In this two-part model, the time 

below the “trigger concentration” was summed and contributed to increasing probability of

ATI formation. Individually estimated ATI then fed back to increase IFX clearance. Owing to 

the long run times, covariate evaluations were not completed at the time of this report.

However, it would be expected that factors such as concomitant administration of

immunomodulators would reduce the probability of ATI.
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Results 

A total of 997 distinct IFX concentrations measurements were included, representing 

data from 332 IBD patients: 253 Crohn’s disease patients and 79 patients with ulcerative 

colitis. (Table 1) For CD, 55/253 patients had ileal, 80/253 patients had colonic and 118/253 

had ileocolonic disease. For UC, 6/79 patients were classified as proctitis, 30/79 patients had 

left-sided colitis and 43/79 pancolitis. 

Table 1 Patient characteristics  N (%) 

Age years (mean, SD) 
Gender 
Body weight kg (mean, SD) 
Smoker 
Albumin g/L (mean, SD) 
Disease duration years (mean, SD) 
Disease extent (Montreal classification) 
Crohn’s disease: (n=253)       

Male 

Active 

Ileal 
Colonic 
Ileocolonic 

      38.6 (13.9) 
179/332 (54%) 
      72.3 (16.3) 
  78/332 (23%) 
      35.2 (15.2) 

       12 (9.22) 

  55/253 (22%) 
  80/253 (32%) 
118/253 (46%) 

Ulcerative Colitis: (n=79)   

Line of Treatment 
Concomitant medication 

Proctitis  
Left-sided colitis 
Pancolitis  
Anti-TNF naïve 
Immunomodulators 

      6/79   (8%) 
    30/79 (38%) 
    43/79 (54%) 
264/253 (80%) 
144/332 (43%) 

Operation None 
Ileal cecal resection 
Subtotal colectomy 
Small bowel resection 

221/332 (67%) 
       50 (15%) 
       57 (17%) 

       4   (1%) 

264/332 (80%) of patients used IFX as their first anti-TNF treatment and 144/332 

(43%) were receiving concomitant immunomodulation, with a mean IFX dose of 5.2 mg/kg, at 

time of measurement. 73 of 144 patients on immunosuppressives received this treatment 

discontinuously or at variable doses, mainly due intolerance or incompliance. IFX was 

undetectable in 125/997 (13%) of samples. ATIs were detected in 75/332 (23%) patients, 

resulting in unmeasurable serum IFX concentrations in 83% of their samples. ATI titers 

higher than 30 AU/mL (n=76) were associated with unmeasurable IFX concentrations in 

100% of samples. 

IFX was well described using a two compartment model with linear clearance. The 

mean (inter individual variability) values for clearance, central and peripheral volume of 

distribution were 0.38 L/day (50%), 5.07 L (30%) and 3.59 L (32%). PK characteristics were 

similar for Crohn’s disease and ulcerative colitis (Table 2A). The parameters for the 

formation of ATI (Table 2B) are highly variable, reflecting large between subject differences 

in patients forming ATI. The “trigger concentration” below which the risk of ATI begins to 

increase is low (0.0252 ug/ml) but could be estimated because the M3 method was 

implemented. 
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Table 2 A. PK Model Parameters Mean (inter individual
variability) 

Clearance (L/Day) 0.359  (38.1%)

Effect of Weight on Clearance 0.523

Effect of Albumin on Clearance -1.38

Effect of Line on Clearance 0.0521

Effect of ATI on Clearance 0.601

Central Volume of Distribution (L) 4.72 (68.6%) 

Effect of Weight on Central Volume of Distribution 0.473

Inter-Compartmental Clearance (L) 0.0697 (58.1)

Effect of Weight on Inter-Compartmental Clearance 0.523

Peripheral Volume of Distribution 2.4 L (71.7%)

Effect of Weight on Peripheral Volume of 
Distribution

0.473

PK characteristics were comparable for Crohn’s disease and Ulcerative Colitis

Table 2 B. ATI Model Parameters Mean (inter individual variability)

“ATI Trigger Concentration” (ug/L) 0.0252 (Not Estimated) 

ATI Formation Rate Constant (1/Day) 79.2 (179)

ATI Elimination Rate Constant (1/Day) 2.08 (251)

ATI Effect on IFX Clearance (for the 
simultaneous fit of Data)

0.00399

The presence of ATIs, body weight and serum albumin were identified as covariates

independently (P<0.001) affecting clearance. Anti-TNF naive patients exhibited slightly lower

clearance than the previously exposed patients. (Figure 1)

Anti-IFX antibodies exhibit a mean (SE) 4.40 (11.1) fold and serum albumin a -

1.65 (8.4) fold effect on clearance (P<0.001). The model was normalized to a reference 

patient of 70 kg, albumin of 4 g/dL and no ATI. Over the range of weight (40 to 149 kg)

clearance increased from 0.27 to 0.60 L/Day. (Table 3) Over the range of albumin (2 to 5.4 

g/dL) clearance ranged from 1.20 to 0.23 L/Day and over the range of ATI titer in the 

database (0 to 53000), clearance increased from baseline (0.383 L/Day) to 2332.38 L/Day. In

patients who received IFX as their first biologic agent, a slightly higher clearance was

measured than the previously exposed patients.
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Effect of Weight on Inter-Compartmental Clearance 0.523 

Peripheral Volume of Distribution 2.4 L (71.7%) 

Effect of Weight on Peripheral Volume of 
Distribution 

0.473 

PK characteristics were comparable for Crohn’s disease and Ulcerative Colitis 

Table 2 B. ATI Model Parameters Mean (inter individual variability) 

“ATI Trigger Concentration” (ug/L) 0.0252 (Not Estimated) 

ATI Formation Rate Constant (1/Day) 79.2 (179) 

ATI Elimination Rate Constant (1/Day) 2.08 (251) 

ATI Effect on IFX Clearance (for the 
simultaneous fit of Data) 

0.00399 

The presence of ATIs, body weight and serum albumin were identified as covariates 

independently (P<0.001) affecting clearance. Anti-TNF naive patients exhibited slightly lower 

clearance than the previously exposed patients. (Figure 1)  

Anti-IFX antibodies exhibit a mean (SE) 4.40 (11.1) fold and serum albumin a -

1.65 (8.4) fold effect on clearance (P<0.001). The model was normalized to a reference 

patient of 70 kg, albumin of 4 g/dL and no ATI. Over the range of weight (40 to 149 kg) 

clearance increased from 0.27 to 0.60 L/Day. (Table 3) Over the range of albumin (2 to 5.4 

g/dL) clearance ranged from 1.20 to 0.23 L/Day and over the range of ATI titer in the 

database (0 to 53000), clearance increased from baseline (0.383 L/Day) to 2332.38 L/Day. In 

patients who received IFX as their first biologic agent, a slightly higher clearance was 

measured than the previously exposed patients. 
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Figure 1A, 1B, 1C, 1D: Effect of Body weight, Antibodies to Infliximab, serum 
Albumin or line of treatment on infliximab clearance 1A-C: The open blue circles are 
individual estimates of clearance, the solid red line is the bootstrapped median effect of the 
covariate on the clearance and shaded gray area is the 95% confidence interval of the effect. 
1 D: Simulated matched infliximab concentration time profiles exploring the impact of line of 
treatment. Line=0 is anti-TNF naïve, Line=1 is a patient who had prior treatment with one 
anti-TNF agent, Line=2 is a patient who had prior treatment with two anti-TNF agents 

Because serum CRP values tended to change rapidly after initiation of treatment, this 

factor could not be evaluated as independent covariate. Use of concomitant 

immunomodulators was often intermittent with transient effect on IFX PK. Nevertheless, the 

administration of continuous concomitant immunomodulators was associated with a 

decrease in clearance.  

The final simultaneous IFX PK and ATI model was tested using a visual predictive 

check (VPC). For the visual predictive checks, the final model was used to simulate multiple 

replicates of the original database. From the simulated data, percentiles were calculated by 

simulation replicate and the “grand percentiles” and associated confidence intervals were 
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determined over all replicates. The same percentiles were determined from the observed 

data. In a VPC the model simulated percentiles and observed percentiles should generally

be in agreement and the observed data should be contained within the 2.5th to 97.5th

percentiles of the simulated data.

Table 3. Proportional change in clearance for body weight,
serum albumin, Anti-drug antibodies and line of treatment
Body weight (kg) Clearance (L/Day) Percent Reference

40 0.27 74.63
70 0.36 100.00

100 0.43 120.51
149 0.53 148.45

Albumin (g/dL) Clearance (L/Day) Percent Reference
2 0.93 260.27
3 0.53 148.74
4 0.36 100.00

5.4 0.24 66.09
ADA titer (AU/ml) Clearance (L/Day) Percent Reference

0 0.36 100.00
1 0.38 105.99

10 0.45 124.71
30 0.53 148.09

100 0.72 199.44
300 1.05 292.72

1000 1.79 497.64
3000 3.13 869.81

53000 15.93 4425.67
Line of treatment Clearance (L/Day) Percent Reference

0 0.34 94.92
1 0.36 100.00
2 0.38 105.35

VPCs for both patients with CD and UC show that the model based on the factors as

described above can accurately predict IFX serum concentrations. (Figure 2A-C) The

relationship between patients having low IFX concentrations (below the “ATI trigger

concentration”) and the probability of ATI shows that as patients have longer intervals of

times below the identified trigger concentration, the probability of ATI increases (Figure 3). 

The visual predictive check plot for ATI shows that the model was able to predict the 

occurrence of ATI. (Figure 4). The VPC for ATI shows some early appearance of ATI that

was not well predicted by the model. However later appearance of ATI is described well.
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Figure 1A, 1B, 1C, 1D: Effect of Body weight, Antibodies to Infliximab, serum
Albumin or line of treatment on infliximab clearance 1A-C: The open blue circles are 
individual estimates of clearance, the solid red line is the bootstrapped median effect of the 
covariate on the clearance and shaded gray area is the 95% confidence interval of the effect. 
1 D: Simulated matched infliximab concentration time profiles exploring the impact of line of
treatment. Line=0 is anti-TNF naïve, Line=1 is a patient who had prior treatment with one 
anti-TNF agent, Line=2 is a patient who had prior treatment with two anti-TNF agents

Because serum CRP values tended to change rapidly after initiation of treatment, this

factor could not be evaluated as independent covariate. Use of concomitant

immunomodulators was often intermittent with transient effect on IFX PK. Nevertheless, the 

administration of continuous concomitant immunomodulators was associated with a 

decrease in clearance.

The final simultaneous IFX PK and ATI model was tested using a visual predictive 

check (VPC). For the visual predictive checks, the final model was used to simulate multiple 

replicates of the original database. From the simulated data, percentiles were calculated by 

simulation replicate and the “grand percentiles” and associated confidence intervals were
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determined over all replicates. The same percentiles were determined from the observed 

data. In a VPC the model simulated percentiles and observed percentiles should generally 

be in agreement and the observed data should be contained within the 2.5th to 97.5th 

percentiles of the simulated data.  

Table 3. Proportional change in clearance for body weight, 
serum albumin, Anti-drug antibodies and line of treatment 
Body weight (kg) Clearance (L/Day) Percent Reference 

40 0.27 74.63 
70 0.36 100.00 

100 0.43 120.51 
149 0.53 148.45 

Albumin (g/dL) Clearance (L/Day) Percent Reference 
2 0.93 260.27 
3 0.53 148.74 
4 0.36 100.00 

5.4 0.24 66.09 
ADA titer (AU/ml) Clearance (L/Day) Percent Reference 

0 0.36 100.00 
1 0.38 105.99 

10 0.45 124.71 
30 0.53 148.09 

100 0.72 199.44 
300 1.05 292.72 

1000 1.79 497.64 
3000 3.13 869.81 

53000 15.93 4425.67 
Line of treatment Clearance (L/Day) Percent Reference 

0 0.34 94.92 
1 0.36 100.00 
2 0.38 105.35 

VPCs for both patients with CD and UC show that the model based on the factors as 

described above can accurately predict IFX serum concentrations. (Figure 2A-C) The 

relationship between patients having low IFX concentrations (below the “ATI trigger 

concentration”) and the probability of ATI shows that as patients have longer intervals of 

times below the identified trigger concentration, the probability of ATI increases. (Figure 3) 

The visual predictive check plot for ATI shows that the model was able to predict the 

occurrence of ATI. (Figure 4) The VPC for ATI shows some early appearance of ATI that 

was not well predicted by the model. However later appearance of ATI is described well.  
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Figure 2A, 2B, 2C: Visual Predictive Checks for UC, CD and all patients 
The open blue symbols are the observed data, the solid red line is the median of the 
observed data the dashed red lines are the lower 2.5th and upper 97.5th percentile of the 
observed data, the solid black line is the median of the simulated data, the black dashed 
lines are the lower 25th and upper 97.5th percentiles of the simulated data, the shaded gray 
area is the confidence interval of the simulated percentiles 
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Figure 3: Relationship Between Concentrations Falling Below ATI Trigger and
Probability of ATI Schematic graph showing the relationship between time and patients IFX
concentrations that are below the ATI “trigger” concentration and the probability that a patient
will develop ATI

Figure 4: Visual Predictive Check for ATI titer The open blue symbols are the observed 
data, the solid red line is the median of the observed data the dashed red lines are the lower
2.5th and upper 97.5th percentile of the observed data, the solid black line is the median of
the simulated data, the black dashed lines are the lower 25th and upper 97.5th percentiles of
the simulated data, the shaded gray area is the confidence interval of the simulated 
percentiles
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Figure 2A, 2B, 2C: Visual Predictive Checks for UC, CD and all patients The open blue 
symbols are the observed data, the solid red line is the median of the observed data the 
dashed red lines are the lower 2.5th and upper 97.5th percentile of the observed data, the 
solid black line is the median of the simulated data, the black dashed lines are the lower 25th 
and upper 97.5th percentiles of the simulated data, the shaded gray area is the confidence 
interval of the simulated percentiles
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Figure 3: Relationship Between Concentrations Falling Below ATI Trigger and 
Probability of ATI Schematic graph showing the relationship between time and patients IFX 
concentrations that are below the ATI “trigger” concentration and the probability that a patient 
will develop ATI 

Figure 4: Visual Predictive Check for ATI titer The open blue symbols are the observed 
data, the solid red line is the median of the observed data the dashed red lines are the lower 
2.5th and upper 97.5th percentile of the observed data, the solid black line is the median of 
the simulated data, the black dashed lines are the lower 25th and upper 97.5th percentiles of 
the simulated data, the shaded gray area is the confidence interval of the simulated 
percentiles 

99

Factors that increase clearance of infliximab in IBD



500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse

Discussion 

 In the current study we demonstrate that antibodies to infliximab, high body weight 

and low serum albumin levels are associated with increased infliximab clearance from the 

serum leading to a significantly shorter half-life. A model, based on the PK factors that were 

identified in current study, as shown by Visual Predictive Checks for both CD and UC (figure 

2A-2C), showed that the present model could accurately simulate serum IFX concentrations 

that were consistent with the observed data. In addition other model performance metrics 

including parameter precision, and goodness of fit plots showed the model was descriptive of 

the data. As a consequence, such a model appears to be useful for personalized dosing of 

IFX. Perhaps more importantly we were able to link the probability of formation of ATI to a 

trigger concentration of IFX. Thus concentrations falling below this “trigger concentration” 

contribute to the probability that ATI will form. If this trigger is hit often enough or long 

enough, ATI formation becomes highly probable. 

A recent smaller study (n=54) by Dotan et al., also revealed that albumin, body weight 

and ATI led to increased clearance of IFX.23 In addition, a PK model for dose optimization 

was also assessed in a retrospective study in 42 IBD patients, however this study included 

only patients that were responding to IFX with detectable drug levels.24 The report by 

Buurman et al., reported no effect of body weight but did find an effect of sex on clearance 

with male patients having a clearance that was 35% higher than females. In our results we 

found that the average weight of a male patient was 79.14 kg with an associated average 

clearance of 0.44 L/Day while the average weight of the female patients was 66.5 kg and 

their clearance was 0.355 L/day (19.3% lower than males). Thus, the suggested effect of sex 

on clearance, is likely to be a reflection of the independent effect of body weight. This current 

report confirms several factors to be associated with IFX PK, in a larger heterogeneous 

cohort, with multiple IFX measurements per patient and taking into account IFX 

measurements that were below the limit of assay quantification. The large number of patients 

allowed for accurate analysis of patient, disease and treatment factors that influence 

clearance. Moreover, simultaneous modelling of IFX and ATI (as a continuous function) 

allowed us to determine the concentrations needed to reduce the likelihood of developing 

ATIs. 

Anti-IFX antibody responses have been reported to appear either in transient or 

persistent form.25, 26 The clinical meaning of (transient) antidrug antibodies has been disputed 

in previous studies.27, 28 We previously demonstrated that anti-IFX had an enormous impact 

on IFX clearance.11 In present study we also found that all patients with ATI titer of >30 

AU/ml had no detectable IFX concentrations, indicating that these ATI titers have a major 

clinical significance. Most likely, however, antibodies that are ‘technically unmeasurable’ with 
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drug assays like the present (that cannot detect antibodies in the presence of high circulating 

drug) may also affect IFX clearance. 

IFX clearance was increased in patients with high body weight. Our cohort did not contain 

many patients with extremes in body weight but the weights did span a large range which

makes identification of patient factors on clearance more robust. Clearance of IFX changes

based on weight, but not in proportional linear fashion. If one considers IFX clearance 

normalized to body weight, then based on our results, a patient weighing 40 kg would have a

clearance of 0.0067 L/Day/kg whereas a patient who weighs 149 kg would have a clearance 

of 0.0036 L/Day/kg. It becomes readily apparent that while patients with lower body weight

do indeed have a lower clearance than patients with high body weight, when taken in terms

of body size or body surface area (e.g. clearance as L/Day/kg) low weight patients have a 

higher clearance/kg than patients with high body weight. Therefore mg/kg dosing results in 

low concentration for low body weight patients.

The clearance of IFX in the present study was much higher than previously reported in 

patients with rheumatoid arthritis and ankylosing spondylitis, but comparable to a recent

cohort of IBD patients.23, 29, 30 The higher clearance observed for IBD compared to other

immune mediated diseases, may be reflection of a relatively high inflammatory burden, with

large amounts of TNF to be neutralized, in IBD that could serve as a ‘sink’ for available anti-

TNF.31 Additionally, this increased clearance may be reflective of proteolysis by

metalloproteinases or protein losing enteropathy which is unlikely to be seen in patients with 

rheumatoid arthritis and ankylosing spondylitis.32 This high inflammatory load with potential

loss of intestinal epithelial integrity may lead to rapid consumption of therapeutic antibodies

in the vascular and intestinal compartments.33

A pharmacokinetic study in patients with rheumatoid arthritis identified pre-infusion C-

reactive protein and concomitant use with methotrexate as factors influencing the PK of

IFX.30 Our study could not reproduce these finding in patients with IBD. Elevation of serum

CRP is absent in large proportion of IBD patients.34 Moreover, CRP levels change rapidly 

during IFX treatment, particularly during induction therapy, whereby the moment of

measurement (before/after treatment) can influence the CRP levels considerably. Therefore 

serum CRP could not be evaluated as independent covariate in the current study. 

Use of concomitant immunomodulators was often intermittent in our patients (73 of 144 

patients on immunomodulators did not receive these drugs continuously), especially during 

the first year of thiopurine use, patients had to reduce dose or even discontinue thiopurines

due to side effects, intolerance or toxicity. After initiation or discontinuation of thiopurines and 

methotrexate, clearance does not change instantly, but the gradual drug interacting effect of

immunomodulatory agents on IFX PK takes time. The use of continuous concomitant

immunomodulators was nevertheless associated with a decrease in clearance over time.
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Discussion

In the current study we demonstrate that antibodies to infliximab, high body weight

and low serum albumin levels are associated with increased infliximab clearance from the 

serum leading to a significantly shorter half-life. A model, based on the PK factors that were 

identified in current study, as shown by Visual Predictive Checks for both CD and UC (figure 

2A-2C), showed that the present model could accurately simulate serum IFX concentrations

that were consistent with the observed data. In addition other model performance metrics

including parameter precision, and goodness of fit plots showed the model was descriptive of

the data. As a consequence, such a model appears to be useful for personalized dosing of

IFX. Perhaps more importantly we were able to link the probability of formation of ATI to a 

trigger concentration of IFX. Thus concentrations falling below this “trigger concentration”

contribute to the probability that ATI will form. If this trigger is hit often enough or long 

enough, ATI formation becomes highly probable.

A recent smaller study (n=54) by Dotan et al., also revealed that albumin, body weight

and ATI led to increased clearance of IFX.23 In addition, a PK model for dose optimization

was also assessed in a retrospective study in 42 IBD patients, however this study included 

only patients that were responding to IFX with detectable drug levels.24 The report by

Buurman et al., reported no effect of body weight but did find an effect of sex on clearance 

with male patients having a clearance that was 35% higher than females. In our results we 

found that the average weight of a male patient was 79.14 kg with an associated average 

clearance of 0.44 L/Day while the average weight of the female patients was 66.5 kg and 

their clearance was 0.355 L/day (19.3% lower than males). Thus, the suggested effect of sex 

on clearance, is likely to be a reflection of the independent effect of body weight. This current

report confirms several factors to be associated with IFX PK, in a larger heterogeneous

cohort, with multiple IFX measurements per patient and taking into account IFX

measurements that were below the limit of assay quantification. The large number of patients

allowed for accurate analysis of patient, disease and treatment factors that influence 

clearance. Moreover, simultaneous modelling of IFX and ATI (as a continuous function)

allowed us to determine the concentrations needed to reduce the likelihood of developing 

ATIs.

Anti-IFX antibody responses have been reported to appear either in transient or

persistent form.25, 26 The clinical meaning of (transient) antidrug antibodies has been disputed 

in previous studies.27, 28 We previously demonstrated that anti-IFX had an enormous impact

on IFX clearance.11 In present study we also found that all patients with ATI titer of >30

AU/ml had no detectable IFX concentrations, indicating that these ATI titers have a major

clinical significance. Most likely, however, antibodies that are ‘technically unmeasurable’ with
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drug assays like the present (that cannot detect antibodies in the presence of high circulating 

drug) may also affect IFX clearance. 

IFX clearance was increased in patients with high body weight. Our cohort did not contain 

many patients with extremes in body weight but the weights did span a large range which 

makes identification of patient factors on clearance more robust. Clearance of IFX changes 

based on weight, but not in proportional linear fashion. If one considers IFX clearance 

normalized to body weight, then based on our results, a patient weighing 40 kg would have a 

clearance of 0.0067 L/Day/kg whereas a patient who weighs 149 kg would have a clearance 

of 0.0036 L/Day/kg. It becomes readily apparent that while patients with lower body weight 

do indeed have a lower clearance than patients with high body weight, when taken in terms 

of body size or body surface area (e.g. clearance as L/Day/kg) low weight patients have a 

higher clearance/kg than patients with high body weight. Therefore mg/kg dosing results in 

low concentration for low body weight patients.  

The clearance of IFX in the present study was much higher than previously reported in 

patients with rheumatoid arthritis and ankylosing spondylitis, but comparable to a recent 

cohort of IBD patients.23, 29, 30 The higher clearance observed for IBD compared to other 

immune mediated diseases, may be reflection of a relatively high inflammatory burden, with 

large amounts of TNF to be neutralized, in IBD that could serve as a ‘sink’ for available anti-

TNF.31 Additionally, this increased clearance may be reflective of proteolysis by 

metalloproteinases or protein losing enteropathy which is unlikely to be seen in patients with 

rheumatoid arthritis and ankylosing spondylitis.32 This high inflammatory load with potential 

loss of intestinal epithelial integrity may lead to rapid consumption of therapeutic antibodies 

in the vascular and intestinal compartments.33 

A pharmacokinetic study in patients with rheumatoid arthritis identified pre-infusion C-

reactive protein and concomitant use with methotrexate as factors influencing the PK of 

IFX.30 Our study could not reproduce these finding in patients with IBD. Elevation of serum 

CRP is absent in large proportion of IBD patients.34 Moreover, CRP levels change rapidly 

during IFX treatment, particularly during induction therapy, whereby the moment of 

measurement (before/after treatment) can influence the CRP levels considerably. Therefore 

serum CRP could not be evaluated as independent covariate in the current study.  

Use of concomitant immunomodulators was often intermittent in our patients (73 of 144 

patients on immunomodulators did not receive these drugs continuously), especially during 

the first year of thiopurine use, patients had to reduce dose or even discontinue thiopurines 

due to side effects, intolerance or toxicity. After initiation or discontinuation of thiopurines and 

methotrexate, clearance does not change instantly, but the gradual drug interacting effect of 

immunomodulatory agents on IFX PK takes time. The use of continuous concomitant 

immunomodulators was nevertheless associated with a decrease in clearance over time. 
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Line of treatment was predictive of clearance, with anti-TNF naive patients exhibiting 

slightly lower clearance than the previously exposed patients when all other factors are taken 

into account. 

Limitations of this study include the retrospective design, which was associated with 

missing laboratory data and hampered the response assessment in some patients. We did 

not report on how many times IFX therapy was intensified or adverse events. Nevertheless, 

patient and treatment and disease characteristics were completely available in all patients.  

Indication for (trough) IFX serum concentrations and ATI measurements were generally 

suspicion of loss of response, however in some patients mid-infusion levels were assessed 

as well. PK analysis could correct for the time to previous infusion, making the data even 

more robust than trough analysis alone.  

In conclusion, the presence of ATIs, body weight and serum albumin independently 

affected clearance. Clearance was slightly lower in previous exposed compared to anti-TNF 

naïve patients. Patients whose concentrations fell below the “trigger concentration” long 

enough had a high probability of developing ATI. Incorporating these PK factors in model 

guided dosing may improve outcomes compared to current fixed dosing. Dashboard 

systems, which can help to make therapeutic decisions regarding dosing, provide a 

promising tool in the tailored management of IBD patients.35 Future studies, such as the 

ongoing PRECISION study (Clinical.Trials.gov identifier: NCT02453776), should determine 

whether precision dosing of IFX based on PK factors, such as body weight, presence of 

ATIs, serum albumin and CRP, will result in higher likelihood of sustained clinical remission 

and decrease of costs compared to conventional IFX dosing. 
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Line of treatment was predictive of clearance, with anti-TNF naive patients exhibiting 

slightly lower clearance than the previously exposed patients when all other factors are taken 

into account.

Limitations of this study include the retrospective design, which was associated with 

missing laboratory data and hampered the response assessment in some patients. We did

not report on how many times IFX therapy was intensified or adverse events. Nevertheless,

patient and treatment and disease characteristics were completely available in all patients.

Indication for (trough) IFX serum concentrations and ATI measurements were generally

suspicion of loss of response, however in some patients mid-infusion levels were assessed 

as well. PK analysis could correct for the time to previous infusion, making the data even 

more robust than trough analysis alone.

In conclusion, the presence of ATIs, body weight and serum albumin independently 

affected clearance. Clearance was slightly lower in previous exposed compared to anti-TNF 

naïve patients. Patients whose concentrations fell below the “trigger concentration” long 

enough had a high probability of developing ATI. Incorporating these PK factors in model

guided dosing may improve outcomes compared to current fixed dosing. Dashboard 

systems, which can help to make therapeutic decisions regarding dosing, provide a 

promising tool in the tailored management of IBD patients.35 Future studies, such as the 

ongoing PRECISION study (Clinical.Trials.gov identifier: NCT02453776), should determine 

whether precision dosing of IFX based on PK factors, such as body weight, presence of

ATIs, serum albumin and CRP, will result in higher likelihood of sustained clinical remission 

and decrease of costs compared to conventional IFX dosing.
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