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INTRODUCTION

Therapeutic drug monitoring (TDM) with measurement of serum drug and anti-drug 

antibodies (ADAb) is used widely to confirm therapeutic exposure, rule out immunogenicity 

and optimize treatment of biologics in patients with inflammatory bowel diseases (IBD).1 

A recent genome-wide association study found the variant HLA-DQA1*05 to increase 

the risk of development of antibodies against infliximab (IFX) and adalimumab (ADM) 

twofold, regardless of concomitant immunomodulator use.2, 3 However, there is currently 

limited evidence showing whether patients who develop antibodies to one anti-TNF are 

prone to develop antibodies to the subsequent anti-TNF. Our aim was to investigate the risk 

of subsequent antibody development in cases (with ADAb to prior anti-TNF) vs. controls 
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(without ADAb to prior anti-TNF) using a large cohort of patients with IBD who underwent 

TDM with a drug tolerant assay. Methods are described in the Supplements.

RESULTS

Our study included 5,828 subjects of whom 3,616/5,828 (62.0%) were first treated with 

IFX and then ADM and 2,212/5,828 (38.0%) were first treated with ADM and then IFX 

(Supplementary Table 1).

Survival analysis showed that in patients who switched from IFX to ADM, ADAb to 

IFX was significantly associated with subsequent ADAb formation to ADM (p<0.0001) 

(Figure 1A), with 28.5% of cases who developed ADAb to ADM vs. 12.4% of controls 

(hazards ratio [HR], 2.82; 95% confidence interval [CI], 2.35-3.38; p<0.0001) (Figure 1B). 

Increasing concentrations of ADAb to IFX were associated with higher proportions of 

patients developing ADAb to ADM (p<0.0001). ADAb concentrations ≥10 U/mL were 

associated with a higher proportion of patients developing ADAb to ADM after switch 

vs. those who had ADAb to IFX concentrations <10 U/mL (31.2% vs 21.5% respectively, 

p<0.0001). In patients who switched from ADM to IFX, survival analysis showed that 

ADAb to ADM was significantly associated with subsequent ADAb formation to IFX 

(P<0.0001) (Figure 1C), with 39.1% of cases who developed ADAb to IFX vs. 15.8% 

of controls (HR, 3.43; 95% CI, 2.81-4.20; p<0.0001) (Figure 1D). In contrast to patients 

switching from IFX to ADM, increasing concentrations of ADAb to ADM did not result in a 

significantly higher proportion of patients developing ADAb to IFX.

Prior to switch from IFX to ADM, median (IQR) IFX serum concentrations were lower in 

cases vs. controls [1.0 μg/mL (1.0-1.0) vs 11.7 μg/mL (4.2-27.1); p <0.0001]. Interestingly, 

even within the control group, lower IFX concentrations were associated with subsequent 

ADAb formation to ADM (p <0.01). Prior to switch from ADM to IFX, median (IQR) ADM 

serum concentrations were lower in cases vs. controls [1.6 μg/mL (1.6-3.0) vs 9.2 μg/mL 

(5.7-13.9); p <0.0001]. Similarly, even within the control group, lower ADM concentrations 

were associated with subsequent ADAb formation to IFX (p <0.01). Survival analysis 

showed that an IFX concentration ≤5 μg/mL was significantly associated with subsequent 

ADAb formation to ADM (P<0.0001) whereas an ADM concentration ≤7.5 μg/mL was 

significantly associated with subsequent ADAb formation to IFX (P<0.0001).

DISCUSSION

In this large retrospective case-control study including several thousand patients with IBD 

treated with anti-TNF, the risk for ADAb to ADM was 2-fold higher when patients had 

prior antibodies to IFX and the risk for ADAb to IFX was 3-fold higher when patients 

had prior antibodies to ADM. One hypothesis is that subjects who developed antibodies 

to the prior and subsequent anti-TNF have a genetic predisposition for developing ADAb.2 

Alternatively, since we found that subtherapeutic drug concentrations to the prior anti-TNF 

are associated with antibody formation to the subsequent anti-TNF, even in controls, one 

cannot rule out that these subjects suffer from accelerated drug clearance because of 

common mechanisms that influence anti-TNF pharmacokinetics, which may lead to low 
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drug concentrations and subsequent immunogenicity.4, 5 A RCT in patients switching anti-

TNFs because of antibodies demonstrated that start of the second anti-TNF in combination 

with an immunomodulator leads to lower rates of clinical failure and more favorable 

pharmacokinetics, compared to monotherapy.6 Alternatively, a strategy with optimized 

monotherapy using proactive TDM may be effective as well, but remains to be assessed in a 

prospective manner.7, 8 Our retrospective study has limitations as the lack of clinical data did 

not allow us to study confounding factors that may affect the factors influencing antibody 

formation and the lack of patient-relevant clinical outcomes limits its generalizability.

In conclusion, we observed a higher likelihood of developing antibodies to a subsequent 

anti-TNF in patients who developed antibodies to, or had subtherapeutic drug concentrations 

of the prior anti-TNF. Starting combination therapy and/or conducting proactive TDM 

should be considered in patients positive for antibodies when switching to another anti-TNF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan-Meier curves representing proportion of patients who developed anti-drug antibodies 

(ADAb) when (A) switched from infliximab to adalimumab and (C) switched from 

adalimumab to infliximab. Difference in rate of ADAb formation between cases and controls 

for those patients who (B) switched from infliximab to adalimumab and (D) switched from 

adalimumab to infliximab. Cases = dotted line; controls = bold line.
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